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dpnp^il^r ^^"^'^"y compositions and methods for treating cancer and other angloqenic- 

stents which have been coated w,th such compositions, as well as meth^ 
Backoround Of ThQ rm/p n^ii^n 

* , * ^T^Z ^ ^^^""^ '^"^'"^ "^"^^ ^""^^ States, and accounts for over one fifth of the total mnr 

TJ^l'^r Characterized by the uncontrolled di>.sion of a population of ceHs S mXiSXds to 

4 ^.'^if *^ ""^"^^ ^® '^^^'^'y '^nc^' '"Ceding for eanple various suniical omcedur^ if 

treated wrth surgery alone, however, many patients (particularly those L cert^?Jp«TcaS i^^S Ss^ 

1 ^"^'"^"^ cytotoxic chemolherapeutic drugs (eo Snai^^^Tri^ 

;rap"prixrh;^^::^^^^s^^^^^ 

of celte wh,* are cytotoxic to tumor cells (Rosenberg et al.. N. Engl. J. Med 313^^ SST 

Othershavesuggestedtheuseofanttoodieslnthetreatmentof cancer. Briefly, antlbodie^ may be develo«>ed which 
recognize certain cell surface antigens that are either unique, or more pre»«lert in^SrSS^tS^ , 

sensitivity against the munne antibody may limit its efficacy, particularly after reDeatedtheraDil ri!nm^^^l^ 
include fever, sweats and chills, skin rashes, arthritis, and neVvepaJsi^^^^^^^^^^ 

One additional difficulty of present methods is that local recurrence and local disease control remains a maior chal 
lenge in the treatment of malignancy, in particular, a total of 630.000 patients annually (in the U S Ta^L^SLi^J 
ease ("o jvrience of distant metastatic spread) at the time of preseSion; this r^^IerM^ of S t^^^^ 

be cured after the initial treatment - 428.000. Unfortunatelv 202 ooo icr ^cxy m a« «o«-_^ I. . wii 
relapseafterthein.a.treatment;OfthosewhorCT2n'S'2rr^^^^^ 

T",^^ "^"^ """^ 21% of all ttiose with localized dTise? Sie^rS^ vZwS ^a^e 

102,139 patients annually will die as a direct result of an Inability to control the local growtt, of the dise^r 

N«iwhereisthisproblemmoreevidertthanlnbreastcancer.whichaffects186.0(w3^ «^ 
whose mortality rate has remained unchanged for 50 years Surgical resection 'n the U.S. and 

s?-rr.s:fw;?r"^'"""^^ 

of ttiose in which the resection margin is found to be clear of tumor histologically As manv as 90% rrf «Z« i^^^ 
rences will occur within 2 cm of the previous excision site. ™^°9«»"y. As many as 90% of ttiese local recur- 

Similarly, in 1991 . over 1 13.000 deaths and 238.600 new cases of liver metastasis were reoorted in North Am»ri« 
alone. The mean survival time for patients witt, liver metastases is only 6.6 montiisSc^ive'E^s havfdev^^^^ 
Non-surgical tr^ fpr hepatic metastases include systemic chemotherapy, radiation chemlSSn he^t 

decrease the size of tt,e hepatic lesions (e.g.. systemic chemotherapy and hepatic arterial chemotheraw iniSJ 
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reduces lesions in 15-20%, and 80% of patients, respectively), the lesions invariably reoccur. Surgical resection of liver 
metastases represents the only possibility for a cure, but such a procedure is possible in only 5% of patients with metas- 
tases, and in only 15-20% of patients with primary hepatic cancer. 

One method that has been attempted for the treatment of tumors with limited success is therapeutic embolization. 

5 Briefly, blood vessels which nourish a tumor are deliberately blocked by injection of an embolic material into the vessels. 
A variety of materials have been attempted in this regard, including autologous substances such as fat, blood clot, and 
chopped muscle fragments, as well as artificial materials such as wool, cotton, steel balls, plastic or glass beads, tan- 
talum powder, silicone compounds, radioactive particles, sterile absort>able gelatin sponge (Sterispon, Gelfbam). oxi- 
dized cellulose (Oxycel), steel coils, alcohol, lyophilized human dura mater (Lyodura). miaofibrillar collagen (Avitene). 

10 collagen fibrils (Tachotop), polyvinyl alcohol sponge (PVA; Ivalon). Barium-Impregnated silicon spheres (Biss) and 
detachable balloons. The size of liver metastases may be temporarily decreased utilizing such methods, but tumors typ- 
ically respond by causing the growtii of new blood vessels into the tumor. 

A related problem to tumor formation is tiie development of cancerous blockages which inhibit the flow of material 
through body passageways, such as the bile ducts, trachea, esophagus, vasculature and uretiira. One device, the stent, 

15 has been developed In order to hold open passageways which have been blocked by tumors or otiier substances. Rep- 
resentative examples of common stents include tiie Wallstent, Strecker stent, Gianturco stent and the Palmaz stent. 
The major problem witii stents, however, is that they do not prevent the ingrowtii of tumor or inflammatory material 
through tine interstices of tiie stent If this material reaches the inside of a stent and compromises tiie stent lumen, it 
may result in blockage of the body passageway into which it has been inserted. In addition, presence of a stent in the 

20 body may induce reactive or inflammatory tissue (e.g. blood vessels, f ibroplasts, white blood cells) to enter the stent 
lumen, resulting in partial or complete closure of the stent. 

EP-A-0 470 569 discloses an intravascular embodying agent comprising an anti-anglogenic factor in a polymeric 
carrier. WO-A-91 111 93 discloses an implant comprising an anti-angiogenic agent for controlled delivery of the agent. 
WO-A-921 271 7 discloses a medicament comprising a tetracycline as an anti-angiogenic agent which may be used with 

25 a chematherapeutic agent such as taxd. 

The present invention provides compositions and methods suitable for treating cancers and other angiogenesis - 
dependent diseases which address the problems assodated with the procedures discussed above, and further pro- 
vides otiier related advantages. 

30 Summary of the Invention 

Briefly stated, tiie present invention relates to anti-angiogenic compositions, as well as metiiods and devices which 
utilize such compositions for the treatment of cancer and other angiogenesis-dependent diseases. Compositions are 
disclosed (hereinafter referred to as "anti-angiogenic compositions'^ comprising (a) an anti-angiogenic factor and (b) a 

35 polymeric carrier. A wide variety of molecules may be utilized within the scope of the present invention as anti-ang- 
iogenic factors, including for example Anti- Invasive Factor, retinoic adds and their derivatives, taxol. taxol analogues 
and taxol derivatives, and members of the group consisting of Suramin. Tissue Inhibitor of Metalloproteinase-1. Tissue 
Inhibitor of Metal lproteinase-2, Plasminogen Activator lnhibitor-1 and Plasminogen Activator lnhibitor-2. Similarly, a 
wide variety of polymeric carriers may be utilized.. representative examples of which include poly(ethylene-vinyl acetate) 

40 crosslinked with 40% vinyl acetate, pdy (lactic-co-glycdic add), pdycaprolactone polylactic acid, copolymers of 
poly(ethytene-vinyi acetate) crosslinked with 40% vinyl acetate and polylactic acid, arxi copolymers of polylactic add 
and polycaprolactone. Within one embodiment the composition has an average size of 15 to 200 (im. 

There are disclosed methods for embolizing a blood vessel, comprising tiie step of delivering into the vessel a ther- 
apeutically effective amount of an anti-angiogenic composition (as described above), such that the blood vessel is 

45 effectively ocduded. Within one embodiment, the anti-angiogenic composition is delivered to a blood vessel which 
nourishes a tumor. 

Within yet one aspect of tiie present invention, stents are provided comprising a generally tubular structure, tiie sur- 
face being coated with one or more anti-angiogenic compositions. Within other aspects of the present invention, such 
stents are provided for use in a method of expanding the lumen of a body passageway, comprising inserting a stent into 

50 the passageway, tiie stent having a generally tubular structure, the surface of the structure being coated witii an anti- 
angiogenic composition as described above, such that tiie passageway is expanded. Witiiin various embodiments of 
the invention, such methods include eliminating biliary obstructions, comprising inserting a biliary stent into a biliary 
passageway: eliminating urethral obstructions, comprising inserting a uretiiral stent into a urethra; eliminating esopha- 
geal obstructions, comprising inserting an esophageal stent into an esophagus and eliminating tracheal/bronchial 

55 obstructions, comprising inserting a tracheal/bronchial stent into the trachea or bronchi. In each of these embodiments, 
the stent has a generally tubular structure, tiie surface of which is coated witii an anti-angiogenic composition as 
described above. 

Metiiods are disclosed for treating tumor excision sites, comprising administering an anti-angiogenic composition 
as described above to tiie resection margins of a tumor subsequent to excision, such tiiat the local recun'ence of cancer 
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and fie formation of new blood vessels at the site is InNbHed. Methods for treating corneal neovascularization are dis- 
ctosed^pnsmg the step of administering a therapeutically effective amount of an arti-angiog^^^c^mS^ln as 
descnbed above to the «,mea, such that the formation of blood vessels Is inhibited. Within one^XiST^! 
angiogenic composition further comprises a topical corticosteroid. emogaimeni. me ami 

tr..i!!!f!Sr'l^'^*?^ "'"""^ ^ P'o^^ded for the manufacture of a medicament for 

t reatng arthnbs. the conposifon comprising an anti-angiogenic agent A method of angiogenesis inhibition is dfe 
closed compr,s,ng administering a therapeutically effective amount of a composition comprising Sol oTSn wi 
^'T?*"" ^^^^"esis-dependent disease, such that the formation of new Wood vessels is inhS WiS 
omer aspects, methods are disclosed for embolizing blood vessels in non-tumorigenic. an^^s^^^Z 

t^t^e3::ri^aui:3^^*^^^^^^^ 

Methods are disclosed for expanding the lumen of a body passageway, comprising inserting a stent into the oas- 
sage««y. the stent hav.,^ a generally tubular structure, the surface of the structure b^ing coati ^ a SZiwi 
^mpnsing taxo^ such that the passageway is expanded. Methods are provKied for elSnating biliary <SS2^ 

TuZS^S ' 7 T T- ' """^ ^^^^y-' ^ eliminating urethral obstructions'compiSSrg 
a urethra^ stent into a urethra: for eliminating esophageal obstructions, cotrfxising inserting an esophMeafstent into 
an ^agus: and for eWnating trachealA«)nchial obstructions, comprising inserting a tracheZSS Sert S 
M« fcachM or broncht VWtWn each of these ertx)« 

structure being coated with a composition comprising taxd. "uciure. me sunace oi me 

♦ J*^^ '^'^^ ^'^^"^ ^ s***- ""uprising administering a composition convrisina taxol 

to the r^ecton margin of a tumor subsequent to excfeion such that the local recuirence of canS^^^eSS 
new bood vessjs at the site is inhibited. Methods are provided for treafing corneal neovasculaSn cSSng 

Phamiaceutical products are provided, comprising (a) taxol. in a container, and (b) a notice associated with the 
container in form prescnbed by a governmental agency regulating the manufacture, use. a sale ^^^c^lZ 
whK;hnohce,sreflectn,e of approval by the agency of thetaxol. for humane 

h^,^ r^,r,£r'E ^°P^»« '^^^^^ ^ securing sL appW 

±J^I° 1^.0^^^^^ 

::^\riTfocSrr '^^^ 

^^j^^'^'^Z^^ the use of taxol for the manufacture of a medicament for angiogenesis. 
Thwe and ottter aspects of the present invention will become evident upon reference to the follo^ng detailed 
desaiptwn^and attached drawings. InaddHion. various references areset forth beto^ 

tain procedures or composifions. and are incorporated by reference in their entirety. ^oemmoreaeiaiicer 
Brief Descriplion of the Drawings 

FKjure 1A is a photograph which shows a shell-less egg culture on day 6. Rgure IB is a digitized computer-dis- 
'r^^V^f ^ stereomicroscope of living, unstained capillaries (104(^). Rgure 1C is a SrrS 

mm thij plastc section cut transversely through the CAM. and recorted at the light microscope llL S^^iJ 
45 shows me composrtK)n of the CAM. including an outer double-layered ectodemi (Ec). a mesoSerm (mSSS 
tones (arrows and scattered adventia cells, and a single layered endoderm (En) (iox). Figure 1 E is a pSZJ^t 

50 expcSretoSJiof'^^^^''^'"^"""^'^'''^''*'**''™^'''^^^ 

tre«.SS^r«'l^^r."f'''^''u^*^''''^°^'"'"*^^ 
treated CAM at three different locations within the avascular zone 

Figure 7 is a line graph which depicts the weight of encapsulation of Sodium Suramin in 1 ml of 5% ELVAX. 
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Rgure 8 is a line graph which depicts the percent of encapsulation of Sodium Suramin In ELVAX. 

Rgure 9 Is a bar graph which depicts the size distribution of 5% ELVAX microspheres containing 10 mg sodium 
suramin made In 5% PVA containing 1 0% NaCI. 

Rgure 10 is a bar graph which depicts the size distribution by weight of 5% PLL microspheres containing 10 mg 
5 sodium suramin made in 5% PVA containing 1 0% NaQ. 

Rgure 11 is a bar graph which depicts the size distribution by number of 5% PLL miaospheres containing 10 mg 
sodium suramin made in 5% PVA containing 10% NaG. 

Rgure 12 is a line graph which depicts the time course of sodium suramin release. 

Rgure 13 is an illustration of a representative embodiment of hepatic tumor emtiolization. 
10 Rgure 14 is an illustration of the insertion of a representative stent coated with an anti-angiogenic composition of 
the present invention. 

Rgure 15A is a graph which shows the effect of the EVAiPLA polymer blend ratio upon aggregation of miao- 
spheres. Rgure 15B is a scanning electron micrograph which shows the size of "small" microspheres. Figure 15C is a 
scanning electron micrograph which shows the size of large" microspheres. Rgure 15D is a graph which depicts the 
IS time course of in vitro taxol release from 0.6% wyv taxoMoaded 50:50 EVAiPLA polymer blend microspheres into phos- 
phate buffered saline {pH 7,4) at 37^C, Open circles are "small" sized microspheres, and closed circles are "large" sized 
microspheres. Figure 15E is a photograph of a CAM which shows the results of taxol release by microspheres ("MS"). 
Figure 15F is a photograph similar to that of 15E at increased magnification. 

Rgure 1 6 is a graph which shows release rate profiles from polycaprolactone microspheres containing 1 %, 2%. 5% 
20 or 10% taxol into phosphate buffered saline at 37*0. Rgure 16B is a photograph which shows a CAM treated with con- 
trol miaospheres. Figure 160 is a photograph which shows a 0AM treated with 5% taxol loaded microspheres. 

Rgures 1 7A and 1 7B, respectively, are two graphs which show the release of taxol from EVA films, and the percent 
taxol remaining In those same films over time. Rgure 170 is a graph which shows the swelling of EVA/F127 films with 
no taxol over time. Figure 1 7D is a graph which shows the swelling of EVA/Span 80 films with no taxol over time. Figure 
25 1 7E is a graph which depicts a stress vs. strain curve for various EVA/F1 27 blends. 

Rgures 18A and 1 8B are two graphs which show the melting point of PCL/MePEG polymer blends as a function of 
% MePEG in the formulation (18A), and the percent inaease in time needed for POL paste at 60°0 to begin to solidify 
as a function of the amount of MePEG in the formulation (188). Figure 180 is a graph which depicts the brittieness of 
varying PCL/MePEG polymer blends. Figure 18D is a graph which shows the percent weight change over time for pol- 
30 ymer blends of vanous MePEG concentrations. Figure 18E Is a graph which depicts tiie rate of taxol release over time 
from various polymer blends loaded witii 1% taxol. Figures 18F and 18G are graphs which depict the effect of varying 
quantities of taxol on tiie total amount of taxol released from a 20%MePEG/POL Wend. Rgure 18H Is a graph which 
depicts the effect of MePEG on tiie tensile sti-ength of a MePEG/POL polymer. 

Rgure 19A is a photograph which shows control (unloaded) tiiermopaste on a CAM. Rgure 19B is a photograph of 
35 20% taxol-loaded thermopaste on a CAM. 

Rgures 20A and 20B are two photographs of a CAM having a tumor treated witti control (unloaded) thermopaste. 
Rgures 200 and 20D are two photographs of a CAM having a tumor treated with taxol-loaded tiiermopaste. 

Rgure 21 A is a graph which shows the effect of taxol/POL on tumor growth. Rgures 21 B and 21 C are two photo- 
graphs which show tiie effect of control, 10%. and 20% taxol-loaded thermopaste on tumor growth. 
40 Rgure 22A is a photograph of synovium from a PBS injected joint. Figure 22B is a photograph of synovium from a 
microsphere injected joint. Rgure 220 is a photograph of cartilage from joints Injected with PBS, and Rgure 220 is a 
photograph of cartilage from joints injected with miaospheres. 

Detailed Description of the Invention 

45 

As noted above, tiie present invention provides methods and compositions which utilize anti-angiogenic factors. 
Briefly, within tiie context of the present invention, anti-angiogenic factors should be understood to include any protein, 
peptide, chemical or other molecule which acts to inhibit vascular growtii. A variety of methods may be readily utilized ^ 
to detemilne the anti-angiogenic activity of a given factor, including for example, chick chorioallantoic membrane 

50 ("CAM") assays. Briefly, as desaibed in more detail below in Examples 2A and 20. a portion of the shell from a freshly 
fertilized chicken egg is removed, and a methyl cellulose disk containing a sample of the anti-angiogenic factor to be 
tested is placed on the membrane. After several days (e.g. . 48 hours), inhibition of vascular growth by tiie sample to be 
tested may be readily determined by visualization of the chick chorioallantoic membrane in tiie region surrounding the 
methyl cellulose disk Inhibition of vascular growtii may also be determined quantitatively, for example, by determining 

55 the number and size of blood vessels surrounding the mettiyl cellulose disk, as compared to a control methyl cellulose 
disk Particularly preferred anti-angiogenic factors suitable for use within the present invention conpletely inhibit tiie for- 
mation of new blood vessels in tiie assay described above. 

A variety of assays may also be utilized to determine the efficacy of anti-angiogenic factors in wvt?, including for 
example, mouse models which have been developed for this purpose (see Roberston et al., Cancer. Res, 57:1339- 
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l^^'-^^J' * "^"^^ °* representative in vivo assays relating to various aspects of the inventions 

desaibed herein have been described in more detail below in Examples 5 to 7 and 17 to 19 'nventions 

r^rritf ^ "TT P'""""' Compositions comprising an anti-angiogenic factor and a polymeric 

tion S^^lL °* f be readily utilized within the context of the presS invl^ 

Jon. Representatve «^es .ndude Anti-Invasive Factor, r^^^^ 
the group cons.st.ng crf Sur^^^^ 

BriefV. Anti-Invasive Factor, or "AIF" which is prepared from extracts of cartilage, is known to contain constituents 
wh.ch are responsible for inhibiting the growth of new blood vessels. These ooJ^^^Zpr^T^^ 
molecular weight proteins (<50.000 daltons) (Kuettner and Paufi. "Inhibition of neovascularizat^ by a ca^age fJcto?^ 
in DBvelCfnnentofaie Vascular System, Pitman Books (Ctoa Foundation Synposlum 100). pp.°63 1?3 lS iS- 

Sr .337-346. 1975: Langer at al.. Saence 793:70-72. 1976; and Norton et al.. Sdence r99:1342-1345. 1978) AIF sS- 
able for use withm the pr^ent invention may be read«y prepared utilizing techniques known in theS e.?' EfeertS, 

JTrTcJ^'j^:;*^^' ^'"'^ ^ 

Mnw^^l^f^ ""^'^ extracellular matrix components, resulting in the inhibitton of angtogenesis 

Addition of proline analogs, angiostatic steroids, or heparin may be utilized in order to synergistieally increaseSiVaSi 
^g.og«,ceffe«toftransretinoicad^^ 

Taxol is a highly derivatized diterpenoid (Wani et al.. J. Am. Chem. Soc. 93:2325. 1 971) which has been obtained 
Z i^^f *'fc™*^'*''^''°' (Pacific Yew.)and raxomKcesA^rear^ea,^^ 

^? abnormal mitotic spindlea Taxol" (whfch should be understood herein to include anal^S 
anddenvafives of texol such as. for example baccatin and taxotere) may be readily prepared utilizing techniques 

^2^S?2;»^n 1^"^^' 5-202.448. 5.200.534. 5.229.526. and EP 

ZT^Tt^lZlSi^.'^'^^'^'^ 

blodl'^ii^rJr"T''t"!?'*^!r'**~'^ Briefly. Suramin 

d^^^r^r^iTH? """"^ '^"^^ ^ ^« P'«»«'«» '^^'^^ growth factor rPDGFT epi- 
aZJSTrJS^pr^^' '^^^'"fl Srowth factor {TGF-p"). insulin-like growth facta flQF-n and fbrotZt 
^ ?• "'"P^"^ acco«lance with known techniques, or eadily oLned from a 

o^.our<5-&a75, 1992, and Coffey. Jr., et al.. J. of Cell. Phys. 732:143-148 1987) 

JlJi2^Ll,!!lT'°''^^'' r"^^ ^'^''^"^ *^'<^ also secrete MTPases. 

JZS£S^^^J^ ^ molecular weight of 28.5 kDa TIMP-1 regulates angiogenesis by binding to activated 
mete^toprotemases. thereby suppressing the invasion of blood vessels into the extracellular matrix Tissue Inhibitor 
svSSS''"'!^^ U'T^'^ ™^ ""'^^ *° '"^"^ angiogenesis. Briefly. TIMP-^Ji 2^^^ 

SST«;i:;^-n^.? *° mefalloproteinases in both the active and latent, proenzyme fom«. Both TIlT? 
TlMP-2 may be obfained from commercial sources such as Bergen. Boulder Colorado 

b« sCISiT!! - 1 (R^) is a 50 kDa glycoprotein which is present in Wood platelets, and can also 

be synmesi^d by endothelial cells and muscle cells. PAM inhibits t-PA and urokinase plasminogen activator at thS 
basolateral site of the endothelium, and additionally regutetes the fibrinolysis process. Plasminoge^^S Si^iS 
2 {PAI-2) « generally found only in the blood under certain drcumsfances such^as in pregnancy aS tZ^ZSe of 
tumors. Bnef ly. PAI-2 is a 56 kDa protein which is secreted by monocytes and macrophag^ rt febiliw^ t^^»t« 

Sr'n^nSJSS'y^J'"'^"'""^"™""^^^^^ 

A vnde variety of other anti-angiogenic factors may also be utilized within the context of the present invention Reo- 
r^entehye examples include Platelet Factor 4 (Sigma Chemical Co.. #F1385): Protamine Sutoh^ rciZneUSiaS^ 

#C3641; Murata et al.. Cancer Res. 57:22-26. 1991): Sulphated Polysaccharide Peptidoglycan Complex (sTpG) Si 

functK)nofJ«cornpoundmaybeenhancedbythepresenceofsteroktesuch 

ros^nne(S.g™Chemical Co.. #S4400):Modulatasof Matrix Mefabolism.incl^^^^^^ 

S^'^cTSfi.t'?!.^'^? ^^if"™ ^ • *^^^»- <='--Mraxyproli!e. d.L-3Tde^!^^^gl 

Chemical Ca. #00265), Thiaproline (Sigma Chemical Ca. #T0631)]. «.a.dipyridyl (Sigma ChemkT (J. #07^7 
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atrtnopropionitrile fumarate (Sigma Chemical Co., #A3134)]}; MDL 27032 (4-propyl-5-(4-pyridinyl)-2(3H)-oxazolone; 
Merion Merrel Dow Research Institute); Methotrexate (Sigma Chemical Co., #A6770; Hirata et al.. Arthritis and Rheu- 
matism 52:1065-1073, 1989); Mitoxantrone (Polverlrti and Novak, Biochem. Biophys. Res. Comm. 740:901-907); 
Heparin (Fblkman. Bio. Phar. 34 :905-909, 1 985; Sigma Chemical Co., #P8754) ; Interferons {e.g. . Sigma Chemical Co. . 

5 #13265); 2 Macroglobulin-serum (Sigma Chemical Co.. #M7151); ChlMP-3 (Pavloff et a!.. 1 Bio. Chem. 267:17321- 
17326. 1992); Chymostatin (Sigma Chemical Co., #C7268; Tomkinson et al., Biochem d 256:475-480. 1992); p-Cydo- 
dextrin Tetradecasulfate (Sigma Chemical Co., #C4767); Eponemycin; Eslramustine (available from Sigma; Wang and 
Stearns Cancer Res. 48:6262-6271 . 1988); Fumagillin (Sigma Chemical Co., #F6771 ; Canadian Patent No. 2.024.306; 
Ingber et al., Nature 348:555-557. 1990); Gold Sodium Thiomalate ("GSr ; Sigma;G4022; Matsubara and Ziff, d Clin. 

10 tn\/est 79:1440-1446, 1987); (D-Penlcillamine f CDPr; Sigma Chemical Co.. #P4875 or P5000(HC1)); p-1-anticolla- 
genase-serum; a2-antiplasmin (Sigma Chem. Co.:A0914; Holmes et al.. d Biol Chem. 262(4): 1659-1 664, 1987); 
Bisantrene (National Cancer Institute); Lobenzarit disodium (N-(2)-carboxyphenyl-4-chloroanthronilic acid disodium or 
"CCA"; Takeuchi et al., Agents Actbns 38:312-316. 1992); Thalidomide. Angibstatic steroid, AGM-1470. carboxyami- 
nolmidarole, metalloproteinase inhibitors such as BB94 and the peptide CDPGYIGSR- NHg (SEQUENCE ID NO. 1) 

15 (IwaW Glass, Tokyo, Japan). 

Anti-angiogenic compositions of the present invention may additionally comprise a wide variety of compounds in 
addition to the anti-angiogenic factor and polymeric cannier. For example, anti-angiogenic compositions of the present 
invention may also, within certain entKxJiments of the invention, also comprise one or more antibiotics, anti-inflamato- 
ries. anti-viral agents, anti-fungal agents and/or antiiDrotozoal agents. Representative examples of antibiotics included 

20 within the compositions described herein include: penicillins; cephalosporins such as cefadroxil. cefazolin. cefaclor; 
aminoglycosides such as gentamycin and tobramycin; sulfonamides such as sulfamethoxazole; and metronidazole. 
Representative examples of anti-inflammatories include: steroids such as prednisone, prednisolone, bydrocortisone. 
adrenocorticotropic hormone, and sulfasalazine; and non-slerokJal anti-inflanwnatory drugs ("NSAIDS") such as aspi- 
rin, ibuprofen, naproxen, fenoporfen, indomethacin, and phenylbutazone. Representative examples of antiviral agents 

25 include acyclovir, ganciclovir, zidovudine. Representative examples of antifungal agents include: nystatin, ketocona- 
zole, griseofulvin, flucytosine, miconazole, clotrimazole. Representative examples of antiprotozoal agents include: pen- 
tamidine isethionate, quinine, chloroquine, and m^loquine. * 

Anti-angiogenic compositions of tiie present invention may also contain one or more hormones such as thyroid hor- 
mone, estrogen, progesterone, cortisone and/or growtfi hormone, other biologically active molecules such as insulin, 

30 as well as Thi {e.g., InterleuWns -2, -12. and -15. gamma interferon or Th2 {e.g., InterleuWns -4 and -10) cytokines. 

Anti-angiogenic compositions of the present invention may also comprise additional ingredients such as sur- 
factants (either hydrophilic or hydrophobic; see Example 13), anti-neoplastic or chemotherapeutic agents (e.^., 5-fluor- 
ouradl. vinblastine, doxyrubicin, adriamycin. or tamocifen), radioactive agents (e.g.. Cu-64, Ga-67. Ga-68. Zr-89, Ru- 
97,Tc-99m, Rh-105. Pd-109, ln-111. 1-123. 1-125, 1-131. Re-186. Re-188. Au-198, Au-199. Pb-203. At-211. Pb-212and 

35 Bi-212) or toxins {e.g. . ricln. abrin. dipttieria toxin, cholera toxin, gelonin. pokeweed antiviral protein, tritin. Shigella toxin, 
and Pseudomonas exotoxin A). 

As noted above, anti-angiogenic compositions of tiie present invention comprise an anti-angiogenic factor and a 
polymeric carrier. In addition to the wide array of anti-angiogenic factors and other compounds discussed above, anti- 
angiogenic conrpositions of the present inventton may include a wide variety of polymeric carriers. Including for example 

40 botti biodegradable and non-biodegradable compositions. Representative examples of biodegradable compositions 
include albumin, gelatin, starch, cellulose, dex trans, polysaccharides, fibrinogen, poly (d,l lactide). poly (d.l-lactide-co- 
glycdide). poly (glycolide). poly (hydroxybutyrate), poly (alkylcarbonate) and poly (orthoesters) {see generally. Ilium, L. 
Davids, S.S. (eds.) "Polymers in controlled Drug Delivery" Wright. Bristol, 1987; Arshady. J. Controlled Release 17:^' 
22. 1991; Pitt, Int. d Phar, 59:173-196, 1990; Holland etal., d Controlted Release 4■,^55•0^B0, 1986). Representative 

45 examples of nondegradaWe polymers include EVA copolymers, silicone rubber and poly (metiiylmethacrylate). Partic- 
ularly preferred polymeric carriers include EVA copolymer {e.g., ELVAX 40, poIy(ethylene-vinyl acetate) crosslinked 
with 40% vinyl acetate; DuPont). poly(lactic-co-glycolic acid), polycaprolactone, polylactk; acid, copolymers of poly(eth- 
ylene-vinyl acetate) crosslinked with 40% vinyl acetate and polylactic acid, and copolymers of polylactic acid and poly- 
caprolactone. 

so Polymeric can'iers may be fashioned in a variety of fonns, Including for example, as nanospheres or microspheres, 
rod-shaped devices, pellets, slabs, or capsules (see, e.g., Goodell et al.. Am. d Hosp. Pharm 43:1454-1461, 1986:, 
Langer etal., "Controlled release of macromolecules from polymers", in Biomedical polymers, Polymeric materials and 
pharmaceutical for biomedical use. Goldberg, E.R. Nakagim. A. (eds.) Academic Press, pp. 113-137. 1980; Rhine et 
al.. d Pharm. Sci» 89:265-270. 1980; Brown et al., d Pharm. Set. 72:1181-1185. 1983: and Bawa et al.. d Controlled 

55 Release 1 :259-267. 1 985). 

Preferably, anti-angiogenic compositions of the present invention (which comprise one or more anti-angiogenic fac- 
tors, and a polymeric carrier) are fashioned in a manner appropriate to tiie intended use. Within prefenred aspects of 
the present invention, the anti-angiogenic composition should be biocompatible, and release one or more anti-ang- 
iogenic factors over a period of several weeks to montiis. In addition, anti-angiogenic compositions of the present inven- 
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tion should preferably be stable for several months and capable of being produced and maintained under sterile 
conatuons. 

VWthm certain aspects of the present invention, anf -angiogenic coinpositions may be fashioned in any size ranging 
from nan«pheres to microspheres (e.g.. from 0.1 ^m to 500 ^m). depending upon the particular use. For exanile 
when used for the purpose of tumor embolization (as discussed below), it is generally preferable to fashion the anti-ano- 
logeniccomposrtion h microspheres of between 15 and 500 urn. preferably between 15 and 200 urn, and most prefer- 
ably, between 25 and 150 jim Such nanopartides may also be readily applied as a "spray", which solidifies into a film 
or coating. Nanopartdes (also termed "nanospheres") may be prepared in a wide array of sizes, including for example 
from 0.1 Mm to 3 |im. from 10 nm to 30 (im. and from 30 Jim to 100 urn (see Example 8) 

Anti-angiogenic compositions may also be prepared, given the disdosure provided herein, for a variety of other 
applicafcons. For example, for the administratton of anti-angiogenic compositions to the cornea, the conBosHions of the 
^L^^^TI^". T polymers as nanopartides (see generally. Kreuter J. Controlled Release 

'• Co"fro//«/ fie/ease 17:187-198, 1991). Such nanopartides may also be 

readily applied as a spray", which solidifies into a film or coating. Nanopartdes (also temied ■YianospheresT may be 

100^m'{^e^&SiS^)*^ "^^^ '"^"^'"^ ^ ^ 30 »^ a™' from 30 ^m to 

Arrli-angiogenic compositions of the present invention may also be prepared in a variety of "paste" or gel forms For 
exampl(^ within one embodiment of the invention, antiangiogenic compositions are provided which are liquid at one 
temperature {e.g. . temperature greater than 37«C. sudi as 40»C. 45«C, 50'C. 55«C or 60°C). and sofid or semi-solid at 
anothff temperature (e.g. , ambient body temperature, or any temperature lower than 37«C). Such "thermopastes" may 
be readily made given the disclosure provided herein (see, e.^.. Examples 10 and 14). 

Within yet other aspec^ of the inventfon. the anti-angiogenic compositions of the presem im^ention may be fomied 
asafilm^Preferably. such films are generally less than 5, 4. 3. 2. or 1. mmthid., mae preferably less than 0.75 mmor 
? T J^, preferably less than 500 (im to 100 nm tWdc Sudi films are preferably flexible with a good ten- 

silestrength (e.g. , greater than 50. preferably greater than 100. and more preferably greater than 150 or 200 W&tih 
good adh^ive prop^es (i.e. . readily adheres to moist or wet surfaces), and has controlled pemieability. Representa- 
tive examples of such films are set forth below in the Exanples (see e.g.. Example 13) 

a^.^^^!^^,^!^^^^'^ = * inoorporatfon of anti-angiogenic factors such as into a polymeric carriers are 
described in more detail below m Examples 3. 4 and 8-15. 

ARTERIAL EMBnil7JfT-|f?|^ 

InadditiontothecompositionsdesCTibeda^^^ ^. 
tee the above^esoibed anti-angiogenic compositions. In particular, within one aspect of the present invention meth- 
o^are provided for embolizing a Wood vessel, comprising the step of delivering into the vessel a theiapeutically 
effective amount of an anti-angiogenic composition (as described above), such that the blood vessel is effedivelv 
occluded. Therapeutically effective amounts suitable for ocduding blood vessels may be readily determined given flie 

SLTI^"" ^^r "^T ^"^^ « P^^^'y ^^^^ eniodimem, the anJ-ang 

logenic composition is delivered to a blood vessel which nourishes a tumor (see Rgure 13) 

Biie^Jlhere are a number of dinical situations (e.g.. bleeding, tumor developmert) where it is desirable to reduce 
or abolish the Mood supply to an organ or region. As described in greater detail below, this may be acconvlished bv 
injecbng anti-angiogenic compositions of the present imrantion into a desired btood vessel through a selectively posi- 
tioned cattieter (see Figure 13). The composition travels via the blood stream until it becomes wedged in the vascula- 
ture, thereby physically (or chemically) ocduding the Wood vessel. The reduced or abolished Wood flow to the selected 
area results in infarction (cell deatti due to an Inadequate supply of oxygen and nutrients) or reduced Wood loss from a 
aamaged vessel. 

For use in embolization therapy, anti-angiogenic compositions of the present invention are preferably non-toxic 

^^""1^^^°^"'^ "^^^^ rap" and pemianent in effect, sterile, and readii; 

availaWe in different shapes or sizes at ttie time of the procedure. In addition, the compositions preferably result in the 
stow Odeally. over a penod of several weeks to months) release of an anti-angiogenic factor. Particularly preferred anti- 
angiogenic compositions should have a predictaWe size of 15-200 nm after being injected Into ttie vascular system 
PreferaWy. they should not clump into larger particles either in solution or once injected. In addition, preferable conro^ 
sitions should not change shape or physical properties during storage prior to usa 

!!?^ "^^ * P"'^'*' to assist in the management of neoplasms- (1) 

definitive treatment of tumors (usually benign): (2) for preoperative embolization: and (3) for palliative eirtwlization 
Bnefly. benign tumors may sometimes be successfully treated by embolization therapy alone. Examples of such tumors 
boiign SI!?torII!ir^ "^^^ '^^'^^^^^ e"docrine tumors sudi as parathyroid adenomas, and 

For other tumors. (e.g.. renal adenocardnonra). preoperative embolization may be employed hours or days before 



8 



EP 0 706 376 B1 



surgical resection in order to reduce operative blood loss, shorten the duration of the operation, and reduce the risk of 
dissemination of viable malignant cells by surgical manipulation of the tumor. Many tumors may be successfully embol- 
ized preoperatively, including for example nasopharyngeal tumors, glomus jugular tumors, meningiomas, chemodecto- 
mas, and vagal neuromas. 

5 Embolization may also be utilized as a primary mode of treatment for inoperable malignancies, in order to extend 
the sun^ival time of patients with advanced disease. Embolization may produce a marked Improvement in the quality of 
life of patients with malignant tumors by alleviating unpleasant symptoms such as bleeding, venous obstruction and tra- 
cheal compression. The greatest benefit from palliative tumor embolization, however, may be seen in patients suffering 
from the humoral effects of malignant endocrine tumors, wherein metastases from carcinoid tumors and other endo- 

10 crine neoplasms such as insulinomas and glucagonomas may be slow growing, and yet cause great distress by virtue 
of the endocrine syndromes which they produce. 

In general, embolization therapy utilizing anti-angiogenic compositions of the present invention is typically per- 
formed in a similar manner, regardless of the site. Briefly, angiography (a road map of tiie blood vessels) of the area to 
be embolized Is first performed by injecting radiopaque contrast through a catheter inserted into an artery or vein 

15 (depending on the site to be embolized) as an X-ray is taken. The catiieter may be inserted either percutaneously or by 
surgery. The blood vessel is then embolized by refluxing anti-angtogenic compositions of the present invention through 
the catheter, until flow is observed to cease. Occlusion may be confirmed by repeating the angiogram. 

Embolization tiierapy generally results in the distribution of compositions containing anti-angiogenic factors 
throughout the interstices of the tuma or vascular mass to be treated. The physical bulk of tiie embolic particles clog- 

20 ging the arterial lumen resuHs in tfie occlusion of the blood supply. In addition to this effect, ttie presence of an anti-ang- 
iogenic factor(s) prevents the formation of new Wood vessels to supply tiie tumor or vascular mass, enhancing the 
devitalizing effect of cutting off tiie blood supply. 

Therefore, it should be evident that a wide variety of tunwrs may be embolized utilizing ttie compositions of the 
present invention. Briefly, tumors are typically divided into two classes: benign and malignant. In a benign tumor tiie 

25 cells retain tiieir differentiated features and do not divide in a completely uncontrolled manner. In addition, the tumor is 
localized and nonmetastatic. In a malignant tumor, tiie cells t>ecome undifferentiated, do not respond to the body's 
growth and hormonal signals, and multiply in an uncontrolled manner; the tumor is Invasive and capable of spreading 
to distant sites (metastasizing). 

Wittiln one aspect of the present invention, metastases (secondary tumors) of ttie liver may be treated utilizing 

30 embolization therapy. Briefly, a catiieter is inserted via ttie femoral or brachial artery and advanced into the hepatic 
artery by steering it ttirough tiie arterial system under fluoroscopic guidance. The catiieter is advanced Into the hepatic 
arterial tree as far as necessary to allow complete blockage of tiie Wood vessels supplying ttie tumor(s), while sparing 
as many of tiie arterial branches supplying nomial stmctures as possible. Ideally ttiis will be a segmental branch of the 
hepatic artery, but it could be that the entire hepatic artery distal to ttie origin of ttie gastroduodenal artery, or even mul- 

35 tiple separate arteries, will need to be blocked depending on tiie extent of tumor and its individual Wood supply. Once 
the desired catheter position is achieved, ttie artery is embolized by injecting anti-angiogenic compositions (as 
descrbed above) tfirough the arterial cattieter until flow in the artery to be Wocked ceases, preferaWy even after obser- 
vation for 5 minutes. Occlusion of ttie artery may be confirmed by injecting radiopaque contrast ttirough ttie catheter 
and demonsti-ating by fluoroscopy or X-ray film ttiat the vessel which previously f aied with contrast no longer does so. 

40 The same procedure may be repeated witfi each feeding artery to be occluded. 

As noted above, botti benign and malignant tumors may be embolized utilizing compositions of ttie present inven- 
tion. Representative examples of benign hepatic tumors Include Hepatocellular Adenoma. Cavemous Haemangioma, 
and Focal Nodular Hyperplasia. Other benign tumors, which are more rare and often do not have clinical manifesta- 
tions, may also be ti-eated. These include Bile Duct Adenomas. Bile Duct Cystadenomas, Rbromas. Lipomas. Leiomy- 

45 omas, Mesottieliomas, Teratomas. Myxomas, and Nodular Regenerative Hyperplasia. 

Malignant Hepatic Tumors are generally subdivided into two categories: primary and secondary. Primary tumors 
arise directiy from ttie tissue in which they are found. Thus, a primary liver tumor is derived originally from the cells 
which make up the liver tissue (such as hepatocytes and biliary cells). Representative examples of primary hepatic 
malignancies which may be treated by arterial embolization include Hepatocellularcarcinoma, Cholangiocarcinoma. 

so Angiosarcoma. Cystadenocar-dnoma, Squamous Cell Carcinoma, and Hepatoblastoma. 

A secondary tumor, or metastasis, is a tumor which originated elsewhere in ttie body but has now spread to a dis- 
tant organ. The common routes for metastasis are direct growtti into adjacent sti-uctures, spread ttirough the vascular 
or lymphatic systems, and ti-acklng along tissue planes and body spaces (peritoneal fluid, cerebrospinal fluid, etc.). 
Secondary hepatic tumors are one of the most common causes of death in cancer patients and are by far and away the 

55 most common form of liver tumor. Although virtually any malignancy can metastasize to ttie liver, tumors which are most 
likely to spread to the liver include: cancer of tiie stomach, colon, and pancreas; melanoma; tumors of the lung, 
oropharyrx, and Wadder; Hodgkin's and non-Hodgkin's lymphoma; tumors of the breast, ovary, and prostate. Each one 
of ttie above-named primary tumors has numerous different tumor types which may be treated by arterial embolization 
(for example, tiiere are over 32 different types of ovarian cancer). 
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As noted above, embolizatton therapy utilizing anti-angiogenic compositions of the present invention may also be 
appli^to a variety of other dinicat situations where it is desired to occlude Wood vessels. Within one aspect of the 
present invention, artenovenous malfomiation may be treated by administration of one of the above-described compo- 
srtions. Bnefly. arteriovenous malformations (vascular malfbrmatons) refers to a group of diseases wherein at least one 
(and most typically, many) abnormal communications between arteries and veins occu. resulting in a local tumor-like 
mass composed predominantly of blood vessels. Such disease may be either congenital or acquired. 

Within one embodiment of the invention, an arteriovenous malformation may be treated by inserting a catheter via 
the femoral or brachial artery, and advancing It into the feeding artery under f luaoscopic guidanca The catheter is pref- 
erably^ced as far as necessary to allow complete blockage of the blood vessels supplying the vascular malfbrma- 
tion. while spanng as many of the arterial branches supplying normal structures as possible (ideally this will be a single 
artery but most often multiple separate arteries may need to be occluded, depending on the extent of the vascular mal- 
fomriabon and its individual Wood supply). Once the desired catheter position is achieved, each artery may be embol- 
ized utilizing anti-angiogenic compositions of the present invention. 

Within another aspect of the invention, embolization may be accomplished in order to treat conditions of excessive 
weeding. For example, menorrhagia (excessive Weeding with menstruation) may be readOy treated by embolization of 
irterine artenes. Briefly, the uterine arteries are branches of the internal fliac arteries Wiaterally Within one embodiment 
0^ the im^cn. a catheter may be inserted via the femoral or brachial artery, and advanced into each uterine artery by 
steenng it through the arterial system under fluoroscopic guidance. The catheter should be advanced as far as neces- 
sary to allow complete blockage of the Wood vessels to ttie uterus, while sparing as many arterial branches that arise 
from the utenne artery and supply normal structures as possiWe. Ideally a single uterine artery on each side may be 
embolized, but occasionally multiple separate arteries may need to be Wocked depending on the individual Wood sup- 
ply Once the desired catheter position is achieved, each artery may be embofized by administration of the anti-ang- 
logenic compositions as described above. uwanoanB 

In a like manner, arterial embolization may be accomplished in a variety of other conditions, including for exanvle 
for acute Weeding, vascular abnormalities, central nervous system disorders, and hypersplenism. 

Ij$^ OF ANTI-ANGIOGENIC COMPQSITIQN.q AS COATINQ.q FOR !q p ^< ^ 

As iioted above, the present invention also provides stents, comprising a generally tijbular structure (which 
includes for example, spiral shapes), the surface of which is coated with a composition as described abova Briefly a 
stem isascaffoWing. usually cylindrical in shape, ttiatmaybe inserted irtoabodypassageway(eg..bi^ wfti'ch 
has been nanxjwed by a disease process (e.5.. ingrowth by a tumor) in orderto prevent closure or redosure of flieDas- 
sageway Stents act by physically hWding open the walls of the body passage into which they are inserted 

A vanety of stents may be utilized within ttie context of ttie present invention, including for example, esophageal 
s^ente. oscular stents, biliary stents, pancreatic stents, ureteric and urethral stents, lacrimal stents, eustachian tube 
stents, fallopian tube stents, and trachealrtxonchial stents. a«»«nuoe 

Stems may be readily obtained from commercial sources, or constmcted in accordance with well known tech- 
niques. Representative examples of stents Include those described in U.& Patent No. 4,776,337 entitied "ExpandaWe 
Intraluminal Graft, and Method and Apparatus for Implanting and ExpandaWe Intraluminal G^". U.S. Patent No 
I J J^' f "Indwelling Stent". U.S. Patent No. 5.147.370 entitied "Nitinol Stent for Hollow Body Conduits" U S 
"Self-Expanding Prosthesis Having StaWe Axial Length". U.S. Patent No. 5.052 998 enti- 
tled Indwelling Stent and Method of Use", and U.S. Patent Na 5.041.126 entitied "Endovascular Stent and Delivery 
System, all of which are hereby incorporated by reference in their entirety. 

^r^^ coated with anti-angiogenic compositions or anti-angiogenic factors of the present invention using a 
vanety of methods, including for example: (a) by direcfly affixing to the stent an anti-angiogenic composition (e a bv 
ather spraying the stent witt, a polymer/drug film, or by dipping the stent into a polymer/drug solution), (b) by coating 
the stent with a substance such as a hydrogel which will in turn absorb the anti-angiogenic conposition (or anti-an^ 
logenic factor above), (c) by inteiweaving anti-angiogenic composition coated thread (or the polymer itself formed into 
a ttiread) into ttie stent structure, (d) by inserting ttie stent into a sleeve or mesh which is comprised of or coated witti 
ananti-angmgenic composition, or (e) constructing ttie stent itself witti an anti-angiogenic conposition. Wittiin preferred 
embodiments of ttie invention, the composition should firmly adhere to the stent during storage and at the time of inser- 
tion, and shouM not be dislodged from the stent when the diameter is expanded from its collapsed size to its full expan- 
sion size. The anti-angiogenic composition should also preferaWy not degrade during storage, prior to inserti^or 
when warmed to body temperaftire after expansion inside ttie body. In addition, tt should preferaWy coat the stent 
smoottily and evenly, witti a unifomi distribution of angiogenesis inhbitor. whHe not changing ttie stent contour Wittiin 
preferred embodiments of the invention, ttie anti-angiogenic composition should provide a uniform, predictaWe pro- 
onged release of ttie anti-angiogenic factor into the tissue surrounding ttie stent once it has been deployed For v^- 
lar stente^ in addition to ttie above properties, the composition shoukl not render ttie stent ttirontjogenic (causing Wood 
clots to fomi). or cause significant tuibulence in Wood flow (more ttian tiie stent itself would be expected to cause if it 
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was uncoated). 

Within another aspect of the present Invention, methods are provided for e)(panding the lumen of a body passage- 
way, comprising inserting a stent into the passageway, the stent having a generally tubular structure, the surface of the 
structure being coated with an anti-angiogenic composition (or, an anti -angiogenic factor alone), such that the passage- 
5 way is expanded. A variety of embodiments are described below wherein the lumen of a body passageway is expanded 
in order to eliminate a biliary, esophogeal. tracheal/bronchial, urethral or vascular obstruction. In addition, a represent- 
ative example is described in more detail below in Example 7. 

Generally, stents are inserted in a similar fashion regardless of the site or the disease being treated. Briefly, a pre- 
insertion examination, usually a diagnostic imaging procedure, endoscopy, or direct visualization at the time of surgery, 
10 is generally first performed in order to determine the appropriate positioning for stent insertion. A guidewire is then 
advanced through the lesion or proposed site of insertion, and over this is passed a delivery catheter which allows a 
stent in Hs collapsed form to be inserted. Typically, stents are capable of being compressed, so that they can be inserted 
through tiny cavities via small catheters, and then expanded to a larger diameter once they are at the desired location. 
Once expanded, the stent physically forces the walls of the passageway apart and holds it open. As such, they are 
15 capable of Insertion via a small opening, and yet are still able to hold open a large diameter cavity or passageway. The 
stent may be self -expanding {e,g. , the Wallstent and Gianturco stents), balloon expandable (a^., the Palmaz stent and 
Strecker stent), or implanted by a change in temperature (e.g.. the Nitinol stent). 

Stents are typically maneuvered into place under radiologic or direct visual control, taking particular care to place 
the stent precisely across the nan-owing in the organ being treated. The delivery catheter is then removed, leaving the 
20 stent standing on its own as a scaffold. A post insertion examination, usually an x-ray. is often utilized to confirm appro- 
priate positioning. 

Within a preferred enri>odiment of the inventbn, methods are provided for elinvnating biliary obstructions, compris- 
ing Inserting a biliary scent into a biliary passageway, the stent having a generally tubular structure, the surface of the 
structure being coated with a composit'on as described above, such that the biliary obstruction is eliminated. Briefly, 

25 tumor overgrowth of the common bile duct results in progressive cholestatic jaundice which is incompatible with life. 
Generally, the kHiiary system which drains bile from the liver into the duodenum is most often obstructed by (1) a tumor 
con^x)sed of bile duct cells (cholangiocarcinorna), (2) a tumor which invades the bile duct (e.g., pancreatic carcinoma), 
or (3) a tawor which exerts extrinsic pressure aind compresses the bile duct {e.g., enlarged lymph nodes). 

Both primary biliary tumors, as well as other tumors which cause compression of the biliary tree may be treated 

30 utilizing the stents described herein. One example of primary biliary tumors are adenocarcinomas (which are also 
called Klatskin tumors when found at the bifurcation of the common hepatic duct). These tumors are also referred to as 
biliary carcinomas, choledocholangiocarcinomas. or adenocarcinomas of the biliary system. Benign tumors which 
affect the bile duct (e.g, , adenoma of the biliary system), and, in rare cases, squamous cell carcinomas of the bile duct 
and adenocarcinomas of the gallbladder, may also cause compression of tiie txliary tree, and tiierefore. result in biliary 

35 obstruction. 

Compression of the biliary tree is most commonly due to tumors of the liver and pancreas which compress and 
therefore obstruct tiie ducts. Most of the tumors from the panaeas arise from cells of the pancreatic ducts. This is a 
highly fatal fbnm of cancer (S% of all cancer deaths; 26,000 new cases per year in the U.S.) with an average of 6 months 
survival and a 1 year survival rate of only 10%. When tfiese tumors are located in the head of the pancreas they fre- 

40 quently cause biliary obstruction, and this detracts signif icantiy from the quality of life of the patient While all types of 
panaeatic tunrx>rs are generally referred to as "carcinoma of the pancreas.** tiiere are histologic subtypes including: 
adenocarcinoma, adenosquamous carcinoma, cystadeno-carcinoma. and acinar cell carcinoma. Hepatic tumors, as 
discussed above, may also cause compression of the biliary tree, and therefore cause obstruction of the biliary ducts. 
Witiiin one embodiment of tiie invention, a biliary stent is first inserted into a biliary passageway in one of several 

45 ways: from tiie top end by inserting a needle through the abdominal wall and tiirough tiie liver (a percutaneous transhe- 
patic cholangiogram or TTC"); from tiie bottom end by cannulating tine bile duct through an endoscope inserted 
through tiie mouth, stomach, or duodenum (an endoscopic retrograde cholangiogram or "ERCP"); or by direct incision 
during a surgical procedure. A preinsertion examination, PTC, ERCP, or direct visualization at tiie time of surgery 
should generally be performed to determine the appropriate position for stent insertion. A guidewire is then advanced 

50 through tiie lesion, and over this a delivery catiieter is passed to allow tiie stent to be inserted in its collapsed form. If 
the diagnostic exam was a PTC, the guidewire and delivery catheter will be inserted via tiie abdominal wall, while if the 
original exam was an ERCP tiie stent will be placed via tiie mouth. The stent is tiien positioned under radiologic, endo- 
scopic, or direct visual control taking particular care to place it precisely across the narrowing in the bile duct. The deliv- 
ery catiieter will be removed leaving the stent standing as a scaffolding which hokfs the bile duct open. A further 

55 cholangiogram will be performed to document that the stent is appropriately positioned. 

Witiiin yet anotiier embodiment of the invention, methods are provided for eliminating esophageal obstructions, 
comprising inserting an esophageal stent into an esophagus, the stent having a generally tubular structure, the surface 
of the structure being coated with an anti-angiogenic composition as described above, such that the esophageal 
obstruction is eliminated. Briefly, tiie esophagus is the hollow tube which transports food and Iquids from the mouth to 
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the stomach. Cancer of the esophagus or invasion by cancer arising in adjacent organs (e.g., cancer of the stomach or 
lung) results in the inability to swallow food or saliva. Within this embodiment, a preinsertion examination usually a bar- 
ium swallow or endoscopy should generally be performed in order to determine the appropriate position for stent inser- 
tion. A catheter or endoscope may then be positioned through the mouth, and a guidewire is advanced through the 
blockage. A stent delivery catheter is passed over the guidewire under radiologic or endoscopic control, and a stent is 
placed preasely across the nan^owing in the esophagus. A post insertion examination, usually a barium swallow x-ray 
may be utilized to confirm appropriate positioning. 

Within other embodiments of the invention, methods are provided for eliminating tracheal/bronchial obstructions 
comprising inserting a tracheal/bronchial stent into the trachea or bronchi, the stent having a generally tubular structure' 
the surface of which is coated with an antl-angiogenic composition as described above, such that the tracheattoronchlai 
obstruction is eliminated. Briefly, the trachea and bronchi are tubes which carry air from the mouth and nose to the 
lungs. Blockage of the trachea by cancer, invasion by cancer arising in adjacent organs (eg., cancer of the lung) or 
collapse off the trachea or bronchi due to chondromalacia (weakening of the cartilage rings) results in inability to 
breathe. Within this embodiment of the invention, preinsertion examination, usually an endoscopy, should generally be 
performed in order to determine the appropriate position for stent insertion. A catheter or endoscope is then positioned 
through the mouth, and a guidewire advanced through the blockaga A delivery catheter is then passed over the 
guidewire in order to alkiw a collapsed stent to be inserted. The stent is placed under radiologic or endoscopic control 
in order to place it predsely aaoss the narrowing. The delivery catheter may then be removed leaving the stent stand- 
ing as a scaffokJ on its own. A post insertion examination, usually a bronchoscopy, may be utilized to confirm aDoroDri- 
ate positioning. ^ ^ 

Within another embodiment of tiie invention, methods are provided for eliminating urethral obstructions, comprising 
inserting a uretiiral stent into a urethra, ttie stent having a generally tubular structure, the surface of the structure being 
coated with an anti-angiogenic compositton asdescn-bed above, such that the urethral obstruction is eliminated Briefly, 
the uretiira is the tube which drains tfie bladder through ttie penis. Extrinsic narrowing of ttie urethra as it passes 
through tfie prostate, due to hypertrophy of the prostate, occurs in virtually every man over the age of 60 and causes 
progressive difficulty with urination. Witiiln this embodiment, a preinsertion exan^nation, usually an endoscopy or ure- 
throgram should generally first be performed in order to determine the appropriate position for stent insertion which is 
above the external urinary sphincter at the lower end and close to flush with the bladder neck at the upper end. An endo- 
scope or catheter is tfien positioned ttirough ttie penile opening and a guidewire advanced into the bladder. A delivery 
catfieter is then passed over the guklewire in order to allow stent Insertion. The delivery catheter is then removed and 
the stent expanded into place. A post insertion examination, usually endoscopy or retrograde urethrogram, may be uti- 
lized to confirm appropriate position. 

Witfiin anotiier embodiment of tiie invention, methods are provided for eliminating vascular obstructions compris- 
ing inserting a vascular stent into a blood vessel, the stent having a generally tubular structure, ttie surface of the struc- 
ture being coated witti an anti-angiogenic composition as desaibed above, such that ttie vascular obstruction is 
eliminated. Briefly, stents may be placed in a wide array of btood vessels, both arteries and veins, to prevent recurrent 
stenosis at ttie site of failed angioplasties, to treat narowings ttiat would likely fail if treated witti angioplasty, and to treat 
postsurgicainarrowings (e.g.. dialysis graft stenosis). Representative examples off suitable sites include ttie iliac renal 
and coronary arteries, ttie siperfor vena cava, and in dialysis grafts. Witiiin one embodiment angiography is f ir!st per- 
formed in Older to localize tfie site for placement of ttie stent This is typically accomplished by injecting radiopaque con- 
trast ttirough a cattieter inserted into an artery or vein as an x-ray is taken. A cattieter may then be inserted eittier 
percutaneously or by surgery into the femoral artery, brachial artery, femoral vein, or brachial vein, and advanced into 
the appropriate Wood vessel by steering It through ttie vascular system under fluoroscopic guidance. A stent may ttien 
be positioned across ttie vascular stenosis. A post insertion angiogram may also be utilized in order to confirm aooro- 
priate positioning. ^ 

USE OF ANTI-ANGIOGENIC CQMPQSmorMfi I N SURGICAL PRQCEDURgfi 

As noted above, anti-angiogenic compositions may be utilized in a wide variety of surgical procedures. For exam- 
ple, witttin one aspect of the present invention an anti-angiogenic compositions (in ttie form of, for exanple a spray or 
film) may be utilized to coat or spray an area prior to removal of a tumor, in order to isolate normal surrounding tissues 
from malignant tissue, and/or to prevent tfie spread of disease to sun-ounding tissues. Wittiin other aspects of ttie 
present invention, anti-angiogenic compositions (e.g.. in the form of a spray) may be defivered via endoscopic proce- 
dures in order to coat tumors, or inhibit angiogenesis in a desired location Wittiin yet other aspects of ttie present Inven- 
tion, surgical meshes which have been coated wrtti anti-anglogenic compositfons of ttie present invention may be 
utilized In any procedure wherein a surgical mesh might be utilized. For example, wittiin cxie embodiment of ttie inven- 
tion a surgical mesh ladened with an anti-angiogenic composition may be utilized during abdominal cancer resection 
surgery (eg. . subsequent to colon resection) in order to provkle support to ttie structure, and to release an amount of 
the anti-angiogenic factor. 
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Within further aspects of the present invention, methods are provided for treating tumor excision sites, comprising 
administering an anti-anglogenic composition as described above to the resection margins of a tumor subsequent to 
excision, such that the local recurrence of cancer and the formation of new blood vessels at the site is inhibited. Within 
one en^iment of the invention, the anti-angiogenic composition(s) (or anti-angiogenic factbr(s) alone) are adminis- 
5 tered directly to the tumor excision site (e.g. . applied by swabt^ng. brushing or othenwise coating the resection margins 
of the tumor with the anti-anglogenic composition(s) or factor(s)). Alternatively, the anti-angiogenic composition(s) or 
factor(s) may be incorporated into known surgical pastes prior to administration. Within particularly prefen-ed embodi- 
ments of the invention, the anti-angiogenic compositions are applied after hepatic resections for malignancy, and after 
neurosurgical operations. 

10 Wrthin one aspect of the present invention, anti-angiogenic compositions (as described above) may be adminis- 
tered to the resection margin of a wide variety of tumors, including for example, breast, colon, brain and hepatic tumors. 
For example, within one embodiment of the invention anti-angiogenic compositions may be administered to the site of 
a neurological tumor subsequent to excision, such that the formation of new blood vessels at the site is inhibited. Briefly, 
the brain is highly functionally localized; /.& . each specific anatomical region is spedalized to canry out a specific func- 

is tion. Therefore It Is the location of brain patfiology that Is often more Important tfian the type. A relatively small lesion In 
a key area can be far more devastating than a much larger lesion in a less important area. Similarly, a lesion on the sur- 
face of the brain may be easy to resect surgically, while the same tumor located deep in the brain may not (one would 
have to cut through too many vital structures to reach it). Also, even benign tumors can be dangerous for several rea- 
sons: they may grow In a key area and cause significant damage; even though they would be cured by surgical resec- 

20 tion this may not be possible: and finally, if left unchecked tiiey can cause increased intracranial pressure. The skull Is 
an enclosed space incapable of expansion. Therefore, if sometiiing is growing in one location, something else must be 
being compressed in another location • the result Is Increased pressure In the skull or inaeased intracranial pressure. 
If such a condition is left untreated, vital structures can be compressed, resulting in death. The incidence of CNS (cen- 
tral nervous system) malignancies Is 8-1 6 per 1 00,000. The prognosis of primary malignancy of the brain is dismal, with 

25 a median survival of less than one year, even following surgical resection. These tumors, especially gliomas, are pre- 
dominantly a local disease which recur witiiin 2 centimeters of tiie original focus of disease after surgical removal. 

Representative examples of brain tumors which may be treated utilizing the compositions and methods described 
herein include Glial Tumors (such as Anaplastic Astrocytoma. Glioblastoma Multiform, Pilocytic Astrorytoma. Oligoden- 
droglioma, Ependymoma. Myxopapillary Ependymoma, Subependymoma, Choroid Plexus Papilloma): Neuron Tumors 

30 {e.g., Neuroblastoma, Ganglioneuroblastoma, Ganglioneuroma, and Medulloblastoma); Pineal Gland Tumors (e.g.. 
Pineoblastoma and Pineocytoma); Menlgeal Tumors [e.g., Meningioma, Meningeal Hemangiopericytoma, Meningeal 
Sarcoma); Tumors of Nerve Sheath Cells [e.g. , Schwannoma (Neurolemmoma) and Neurofibroma); Lymphomas {e.g. . 
Hodgkin's and Non-Hodgkn's Lymphoma (induding numerous subtypes, both primary and secondary); MaHbrmative 
Tumors {e.g. , Craniopharyngioma. Epidermoid Cysts. DermokJ Cysts and Colloid Cysts); and Metastatic Tumors (which 

35 can be derived from virtually any tumor, the most common being from lung, breast, melanoma, kidney, and gastrointes- 
tinal tract tumors). 

OTHER THERA PEUTIC USES OF ANTI-ANGIOGENIC COMPOSITIONS 

40 In addition to tumors, numerous other non-tunfX)rlgenic angiogenesls-dependent diseases which are characterized 
by the abnormal growth of Wood vessels may also be treated with the anti-angiogenic compositions, or anti-angiogenic 
factors of the present invention. Representative examples of such non-tumorigenic angiogenesls-dependent diseases 
Indude corneal neovascularization, hypertrophic scars and keloids, proliferative diabetic retinopathy, rheumatoid arttirl- 
tis, arteriovenous malformations (discussed above), atherosclerotic plaques, delayed wound healing, hemophilic joints. 

45 nonunion fractures, Osler-Weber syndrome, psoriasis, pyogenic granuloma, scleroderma, tracoma, monorrhagia (dis- 
cussed above) and vascular adhesions. 

In particular, within one aspect of the present invention methods are provided for treating corneal neovasculariza- 
tion (Including corneal graft neovascularization), comprising tfie step of administering a therapeutically effective amount 
of an anti-angiogenic composition (as described above) to the cornea, such that tiie formation of blood vessels Is Inhib- 

50 Ited. Bri^. the comea is a tissue which normally lacks blood vessels. In certain pathological conditions, however, cap- 
illaries may extend into the cornea from the pericorneal vascular plexus of tiie limbus. When the cornea becomes 
vascularized, it also becomes clouded, resulting in a dedine in the patient's visual acuity. Visual loss may become com- 
plete If the cornea completely opacltates. 

Blood vessels can enter tiie cornea in a variety of patterns and depths, depending upon the process which indtes 

55 the neovascularization. These patterns have been traditionally defined by ophthalmologists in the following types: pan- 
nus trachomatosus, pannus leprosus, pannus phylctenulosus, pannus degenerativus. and glaucomatous pannus. The 
corneal stroma may also be invaded by branches of tiie anterior ciliary artery (called interstitial vascularization) which 
causes several distinct clinical lesions: terminal loops, a "brush-like" pattern, an umbel form, a lattice form, interstitial 
arcades (from episcleral vessels), and aberrant in-egular vessels. 
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A wide variety of disorders can result in corneal neovascularization. Including for example corneal infections (e a 
tractoma. herp^ simplex keratitis, leishmaniasis and onchocerciasis), immunological processT(e a 2 r^^^ 
and Stevens^ohnson's syndrome), alkali burns, trauma, inflammation (of any caL). LcTnS nSSSdSS 
states, and as a complication of wearing contact lenses. c ana nuirnionai aeiiciency 

While the cause of corneal neovascularization may vary, the response of the cornea to the Insult and the subse- 
L J!. TUl " '^^""^ ^ ^'^'J'' ^ !"i"^y appears to be S^imlrta^^^ 

to rJ *P "^^'"^ S'" ' ''^'^ ''^'"^ ^" '""'^ ^ angloienic^sponse. m LXy d^^ 

? f JSf f angiogenic factors responsible for eliciting the vascular invasion are created the sHe of thelestoi 

and mus^ d«u''l° °* ^^^^ «"*^) onter to exert their effect Pa" a^ndiS 

from jelimtjus. this wouldno longer be posslbleand the limbic end^^^^^ 

nea. Several angragenic factors are likely involved in this process, many of which are products of iTiZZ^ 
f-f^ ! ®® of angiogenesis is proportional to the extent of the inflammatory reaction. Corneal edema further 

Folloiwng the initial Wlammatory reaction, capillary growth into the cornea proceeds in the same manner as It 

dMdeand Wte. The endothelial cells project away from their vessels of origin, digest the surrounding baseme^ 

blind ended sprouts acquire a lumen and then anastomose together to fbnii capillary loots The et^t^^^^lt^ 
lishment of a vascular plexus within the corneal stroma. «"«™caP'"ary loops, mend result is the estab- 

Anti-angiogenic compositions of the present invention are useful by blocking the stimulatory effects of anaioaenesis 

rr.2:^ZTrrxtr^:;s^^^^^ 
adm:r«^ts^^^^^^ 

^ "S,!? admiriislered in eyed«,p form. The anti-angiogenic factor solution rSay be^^l in rlTle^m 
and admmi^ed sweraltimes daily. AHematively. anti-angiogenic compositions. prepJed as Xe mS 

a^^ be adm™^eddire<% to the cornea. VWhin preferred embodiments, the anti^^ 
with amuco^esnre polymer wwch binds to cornea. Within further embodiments, 

angiogenic compositions may be utilized as an adjunct to conventional steroid ther^ " 
Topical therapy may also be useful prophylacfically in corneal lesions whfch are known to have a high probabiliW of 

steroids, may be instituted immediately to help prevent subsequent complications. ««onwnn 
Within other embodiments, the anfi-angtogenic compositions desalbed above may be injected direcUv into tha ««r 
nea stroma by an ophthalmologist under miaoscopic guWance. The preferred srteTin^ZX ^i^I^™: 

f'roS^^'*.^'J?:''"r^^^^^^ 

from Of the vasculature (/.e. , interspersed between the Uood vessels and the normal corneaMnmost cas4 ttSH^Z 
^ol^penj^c 

" *° prophylactically prevent corneal neovascularizatton. In this Zfon the 
matena^ could be inj«aed in the perilimbic comea interspersed between the corneal lesion and Hs unde^redJoSnS 
limbic WocKl supply. Such methods may also be utilized inasimilarfashfontopreventcap^^ 

1" ' su^ined-release form, Injections m«ht only be required 2-3 times ^y^.^ii^^X^ 
added to the injection solution to reduce inflammation resulting from ttie injection itself 

WHhn another aspect of the present invention, methods are provided for treating hyoertroohic scars and koi«irfe 
co^^nsingthestepofadminlst^ngoneof«,eabove.,e^^ 

Th« S"„^;^»"?^i°' '"^ ^ '""a^-on. proHferation. and maturation 
The first phase, inflammation, occurs in response to an injury which is severe enough to break «ie skin DTnoTo 

to bind the wound surfaces together. This is then followed by a proliferative phase in which there is ingSTc^pSS 
les and connective tissue from the wound edges, and do^^^^ 

prolrferaton has ceased, the maturation process begins wherein the scar contracts 
cular. and appears flat and white. This final phase may take between 6 and 1 2 months 

-„H i^^t Produced and the wound remains persistently cellular, the scar may become red 

It extends beyond the onginal scar and into the sunounding tissue, the lesion is referred to as a keloid HyDert^Dhic 
scars and kelorfs are praduced during the second and third phases of scar formation. Several wou^ areJSSS 
prone to excessive endothelial and fibroblastic proliferation, including burns, open wounds. and^Si ZSTK 
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hypertrophic scars, some degree of maturation occurs and gradual improvement occurs. In the case of keloids however, 
an actual tumor is produced which can become quite large. Spontaneous improvement in such cases rarely occurs. 

Therefore, within one embodiment of the present invention either anti-angiogenic factors alone, or anti-angiogenic 
compositions as described above, are directly injected into a hypertrophic scar or keloid in order to prevent the progres- 
sion of these lesions. The frequency of injections will depend upon the release kinetics of the polymer used (if present), 
and the clinical response. This therapy is of particular value in the prophylactic treatment of conditions which are known 
to result in the development of hypertrophic scars and keloids (e,g.. burns), and is preferably initiated after the prolifer- 
ative phase has had time to progress (approximately 14 days after the initial injury), but before hypertrophic scar or kel- 
oid development. 

Within another aspect of the present invention methods are provided for treating neovascular glaucoma, compris- 
ing the step of administering a therapeutically effective amount of an anti-angiogenic composition to the eye. such that 
the formation of blood vessels is inhibited. 

Briefly, neovascular glaucoma is a pathological condition wherein new capillaries develop in the iris of the eye. The 
angiogenesis usually originates from vessels located at the pupillary margin, and progresses across the root of the iris 
and into the trabecular meshwork. Fibroblasts and other connective tissue elements are associated with the capillary 
growth and a f ibrovascular membrane develops which spreads across the anterior surface of the iris. Eventually this tis- 
sue reaches the anterior chamber angle where it forms synechiaa These synechiae in turn coalesce, scar, and contract 
to ultimately close off the anterior chamber angfa The scar formation prevents adequate drainage of aqueous humor 
through the angle and into the trabecular meshworK resulting in an inaease In intraocular pressure that may result in 
bllndnesa 

Neovascular glaucoma generally occurs as a complication of diseases in which retinal ischemia is predominant In 
particular, about one third of the patients with this disorder have diabetic retinopathy and 28% have central retina, vein 
occlusion. Other causes include chronic retinal detachment, end-stage glaucoma. carotkJ artery obstructive disease, 
retrdental fibroplasia, sickle-cell anemia, intraocular tumors, and carotid cavernous fistulas. In Its early stages, neovas- 
cular glaucoma may be diagnosed by high magnification slltiamp biomicroscopy, where it reveals small, dilated, disor- 
ganized capillaries (which leak fluorescein) on the surface of the iris. Later gonioscopy demonstrates progressive 
obliteration of the anterior chamber angle by fibrovascular bands. While ttie anterior channber angle is still open, con- 
sen«tive tiierapies may be of assistance. However, once tiie angle closes surgical intervention is required in order to 
alleviate the pressure. 

Therefore. wKhin one embodiment of the Invention anti-angiogenic factors (either alone or in an anti-angiogenic 
composition, as described above) may be administered toptoally to the eye in order to treat early fornis of neovascular 
glaucoma. 

Within other entjodiments of tiie invention, anti-angiogenic compositions may be implanted by injection of the com- 
position into the region of the anterior chamber angle. This provides a sustained localized inaease of anti-angiogenic 
factor, and prevents Wood vessel growtii into the area. Implanted or Injected anti-angiogenic compositions which are 
placed between tiie advancing capillaries of the iris and the anterior chamber angle can "defend" the open angle from 
neovascularization. As capillaries will not grow within a significant radius of the anti-angiogenic composition, patency of 
the angle could be maintained. Within other emtxxiiments. the anti-angiogenic compbsiticx) may also be placed in any 
location such that the anti-angiogenic factor is continuously released into the aqueous humor. This would increase the 
anti-angiogenic factor concentration within tfie humor, which in turn battles the surlace of ttie iris and its abnormal cap- 
illaries, ttiereby providing another mechanism by which to deliver the medication. Tliese therapeutic modalities may 
also be useful prophylactically and in combination with existing treatments. 

Wrthin another aspect of ttie present invention, methods are provided for treating proliferative diabetic retinopathy, 
comprising the step of administering a therapeutically effective amount of an anti-angiogenic composition to the eyes, 
such ttiat ttie formation of tHood vessels is inhibited. 

Briefly, the pathology of diabetic retinopatiiy is thought to be similar to that described atwve for neovascular glau- 
coma. In particular, background diabetic retinopathy is believed to convert to proliferative diabetic retinopathy under ttie 
influence of retinal hypoxia. Generally, neovascular tissue sprouts from the optic nerve (usually wrthin 10 mm of ttie 
edge), and from tiie surface of the retina in regions where tissue perfusion is poor. Initially the capillaries grow between 
the inner limiting membrane of the retina and ttie posterior surfece of ttie vitreous. Eventually, ttie vessels grow into ttie 
vitreous and ttirough the Inner limiting membrane. As tiie vitreous contracts, traction is applied to the vessels, often 
resulting in shearing of ttie vessels and blinding of tiie vitreous due to hemorrhage. Fibrous traction from scarring in the 
retina may also produce retinal detachment. 

The conventional ttierapy of choice is panretinal photocoagulation to decrease retinal tissue, and thereby decrease 
retinal oxygen demands. Alttiough initially effective, ttiere is a high relapse rate with new lesions forming in other parts 
of ttie retina. Complications of this ttierapy include a decrease in peripheral vision of up to 50% of patients, mechanical 
abrasions of the cornea, laser-induced cataract formation, acute glaucoma, and stimulation of subretinal neovascular 
growtti (which can result In loss of vision). As a result, ttiis procedure is performed only when several risk factors are 
present, and the risk-benefit ratio is cleariy in favor of inten/ention. 
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TliereJbre, within particularly preferred embodiments of the invention, proliferative diabetic retinopathy may be 
treated t)y injection of an anti-angiogenic factor(s) (or antl-angiogenic composition) into the aqueous humor or the vit- 
reous, in order to increase the local concentration of anti-angiogenic factor in the retina. Preferably, this treatment 
should be initiated prior to the acquisition of severe disease requiring photocoagulation. Within other embodiments of 
the invention, arteries which feed the neovascular lesions may be embolized (utilizing anti-angiogenic compositions, as 
desaibed above) 

Within another aspect of the present invention, methods are provided for treating retrolental fibroWasia. comprising 
the step of administering a therapeutically effective amount of an anti-angiogenic factor (or anti-angiogenic composi- 
tion) to the eye. such that the formation of blood vessels is inhibited. 

Briefly, retrolental f ibroblasia is a condition occurring in premature infants who receive oxygen therapy. The periph- 
eral retinal vasculature, particularly on the temporal side, does not become fully formed until the end of fetal life. Exces- 
sive oxygen (even levels which would be physiologic at term) and the formation of oxygen free radicals are thought to 
be inportant by causing damage to the Wood vessels of the immature retina. These vessels constrict, and then become 
structurally obliterated on exposure to oxygen. As a result, the peripheral retina fails to vascularize and retinal ischemia 
ensues. In response to the Ischemia, neovascularization is induced at the junction of the normal and the ischemic ret- 
ina. 

In 75% of the cases these vessels regress spontaneously. However, in the remaining 25% there is continued cap- 
illary growth, contraction of the fibrovascular component, and traction on t)Oth the vessels and the retina. This results in 
vitreous hemon^hage and/or retinal detachment which can lead to blindness. Neovascular angle-closure glaucoma is 
also a complication of this condition. 

As it is often inpossiWe to determine which cases will spontaneously resolve and which will progress in severity, 
conventional treatment (/.e.. surgery) is generally initiated only in patients with established disease and a well devel- 
oped pathology. This "wait and see" approach precludes early intervention, and allows the progression of disease in the 
25% who follow a complicated course. Therefore, within one embodiment of the invention, topical administration of anti- 
angiogenic factors (or anti-angiogenic compositions, as descrik)ed above) may be accomplished in infants which are at 
high risk for developing this condition in an attempt to cut down on the incidence of progression of retrol ental f broplasia. 
Within other embodiments, Intravitreous injections and/or intraocular implants of an anti-angiogenic composition may 
be utilized. Such methods are particularly preferred in cases of established disease, in order to reduce the need for sur- 
gery. 

Within another aspect of the present invention, methods are provided for treating rheumatoid arthritis, comprising 
the step of administering a therapeutically effective amount of an anti-angiogenic composition to a joint, such that the 
formation of blood vessels is inhibited. 

Briefly, in rheumatoid arthritis articular damage is due to a combination of inflammation (including white Wood cells 
and white Wood cell products) and pannus tissue development (a tissue composed of neovascular tissue, connective 
tissue, and inflammatory cells). Generally, chronic inflammation in itself is insuffident to result in damage to the joint 
surtee. but a permanent deficit is created once fibrovascular tissue digests the cartilage tissue. 

Within a preferred embodiment of the invention, anti-angiogenic factors (including anti-angiogenic compositions, as 
described above) maybe administered by intra-articular injection, as a surgical paste, or as an oral agent {e.g.. con- 
taining the angi-angiogenic factor thalidomide), in order to inhibit the formation of blood vessels within the joint. One 
representative example of such a method is set forth in more detail below In Example 19. 

As noted atwve, within yet another aspect of the present invention, vascular grafts are provided comprising a syn- 
thetic tube, the surface of which is coated with an anti-angiogenic composition as described above. Briefly, vascular 
grafts are synthetic tubes, usually made of Dacron or Gortex, inserted surgically to bypass arterial blockages, most fre- 
quently from the aorta to the femoral, or the femoral to the popliteal artery. A major problem which particularly compli- 
cates femaal-popliteal bypass grafts is the formation of a subendothelial scar-like reaction in the Wood vessel wall 
called neointimal hyperplasia, which nan'ows the lumen within and adjacent to either end of the graft, and which can be 
progressive. A graft coated with or containing anti-angiogenic factors (or anti-angiogenic compositions, as described 
above) may be utilized to limit the formation of neointimal hyperplasia at either end of the graft. The graft may then be 
surgically placed by conventional bypass techniques. 

Anti-angiogenic compositions of the present invention may also be utilized in a variety of other manners. For exam- 
ple, they may be incorporated into surgical sutures in order to prevent stitch granulomas, implanted in the uterus (in the 
same manner as an lUD) for the treatment of menorrhagia or as a form of female birth control, administered as either 
a peritoneal lavage fluid or for peritoneal implantation in the treatment of endometriosis, attached to a monoclonal anti- 
body directed against activated endothelial cells as a fonn of systemic chenrtotherapy, or utilized in diagnostic imaging 
when attached to a radioactively labelled monoclonal antibody whk;h recognizes activated endothelial cells. 

The following examples are offered by way of illustration, and not by ray of limitation. 
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EXAMPLES . 

EXAMPLE 1 

5 PREPARATION OF ANTI-INVASIVE FACTOR 

The shoulder girdle and skull from a dogfish Is excised, then scraped with a scalpel In order to remove all muscle 
and associated connective tissue from the cartilage. The cartilage is then homogenized with a tissue grinder, and 
extracted by continuous stirring at room temperature for 2 to 5 days in a solution containing 2.0 M guanldium hydrochlo- 

10 ride and 0.02 M MES at pH 6.0. 

After 2 to 5 days, the cartilage extract Is passed through gauze netting in order to remove the larger constituents. 
The f fltrate is then passed through an Amicon ultrafiltration unit which utilizes spiral-wound cartridges, with a molecular 
weight cutoff of 100,000. TTie filtrate (containing proteins with a molecular weight of less than 100.000 daltons) is then 
dialyzed against 0.02 M MES buffer (pH 6) with an Amicon ultrafiltration unit which retains proteins with a molecular 

15 weight of greater than 3,000 daltons. Utilizing this method, low molecular weight proteins and constituents are removed, 
as well as excessive amounts of guanidium HCI. The dialysate is concentrated to a final concentration 9 mg/ml. 

EXAMPLE 2 

20 ANALYSIS OF VARIOUS AGENTS FOR ANTI-ANGIOGENIC ACTIVITY 
A. Chick Chorioallan toic Membrane ("Cam") Assays 

Fertilized, domestic chick embryos were incubated for 3 days prior to shell-less cutturing. In this procedure, the egg 
25 contents were emptied by removing the shell located around the air space. The interior shell membrane was then sev- 
ered and the opposite end of the shell was perforated to allow the contents of the egg to gently slide out from the blunted 
end. The egg contents were enptied into round-bottom sterilized glass bowls and covered with petri dish covers. These 
were then placed Into an incubator at 90% relative humidity and 3% CO2 and incubated for 3 days. 

Taxol (Sigma. St. Louis, was mixed at concentrations of 1 , 5, 10. 3Q\iQ per lOjil aliquot of 0.5% aqueous meth- 
30 ylcelluiose. Since taxol is insoluble in water, glass beads were used to produce fine particles. Ten microliter aliquots of 
this solution were dried on paraf ilm for 1 hour forming disks 2mm in diameter. The dried disks containing taxol were then 
carefully placed at tiie growing edge of each CAM at day 6 of incubation. Controls were obtained by placing taxol-free 
methylcellulose disks on tiie CAMs over the same time course. After a 2 day exposure (day 8 of incubation) the vascu- 
lature was examined with the aid of a stereomicroscope. Liposyn II. a white opaque solution, was injected into the CAM 
35 to Inaease the visibility of the vascular details. The vasculature of unstained, living embryos were imaged using a Zeiss 
stereomicroscope which was interfaced with a video camera (Dage-MTI Inc.. Michigan City, IN). These video signals 
were then displayed at 160 times magnification and captured using an image analysis system (Vidas. Kbntron; Etching, 
Germany). Image negatives were then made on a graphics recorder (Model 3000; Mafrix Instruments, Orangeburg 
NY). 

40 The membranes of the 8 day-old shell-less embryo were flooded with 2% glutaraidehyde in 0.1 M Na cacodylate 
buffer; additional fixative was injected under the CAM. After 10 minutes in situ, the CAM was removed and placed into 
fresh fixative for 2 hours at room temperature. The tissue was then washed overnight in cacodylate buffer containing 
6% sucrose. The areas of interest were postffixed in 1% osmium telroxide for 1 .5 hours at 4*C. The tissues were then 
dehydrated in a graded series of ethanols, solvent exchanged witii propylene oxide, and embedded in Spurr resin. Thin 

45 sections were cut witii a diamond knife, placed on copper grids, stained, and examined in a Joel 1200EX electron 
microscope. Similarly, 0.5 mm sections were cut and stained with toluene blue for light microscopy. 

At day 1 1 of development, chick embryos were used for the corrosion casting technique. Mercox resin (Ted Pella, 
Inc., Redding, CA) was injected into ttie CAM vasculature using a 30-gauge hypodermic needle. The casting material 
consisted of 2.5 grams of Mercox CL-2B polymer and 0.05 grams of catalyst (55% benzoyl peroxide) having a 5 minute 

50 polymerization time. After injection, tiie plastic was allowed to sit in situ for an hour at room temperature and then over- 
night in an oven at 65''C. The CAM was then placed in 50% aqueous solution of sodium hydroxide to digest alt organic 
components. The plastic caste were washed extensively in distilled water, air-dried, coated with gold/balladium, and 
viewed witii the Philips 501 B scanning electron microscope. 

Results of the above experiments are shown in Figures 1-4. Briefly, the general features of ttie normal chick shell- 

55 less egg culture are shown in Figure 1 A. At day 6 of incubation, the embryo is centrally positioned to a radially expand- 
ing network of blood vessels; ttie CAM develops adjacent to the embryo. These growing vessels lie close to tiie surface 
and are readily visible making tills system an idealized model for the study of angiogenesis. Living, unstained capillary 
networks of the CAM can be Imaged noninvasively witii a stereomicroscope. Figure 1 B illusfrates such a vascular area 
in which the cellular blood elements within capillaries were recorded with tiie use of a vkJeo/computer interface. The 3- 
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dimensional architecture of such CAM capillary networks is shown by the corrosion casting method and viewed In the 
scanning electron microscope (Rgure 1C). These castings revealed underlying vessels which project toward the CAM 
surface where they form a single layer of anastomotic capillaries. 

Transverse sections through the CAM show an outer ectoderm consisting of a double cell layer, a broader meso- 
dermal layer containing capillaries which lie subjacent to the ectoderm, adventitial cells, and an inner, single endoder- 
mal cell layer (Rgure 1D). At the electron microscopic level, the typical structural details of the CAM capillaries are 
demonstrated. Typically, these vessels lie in dose association with the inner cell layer of ectoderm (Rgure 1 E) 

After 48 hours exposure to taxol at concentrations of 1 . 5. 10. or 30 jig. each CAM was examined under living con- 
ditions with a stereomicroscope equipped with a video/computer interface in order to evaluate the effects on angiogen- 
esis. This imaging setup was used at a magnification of 160 times which permitted the direct visualization of blood cells 
within the capillaries; thereby Wood flow in areas of interest could be easily assessed and recorded. For this study, the 
inhibition of angiogenesis was defined as an area of the GAM devoid of a capillary network ranging from 2 - 6 mm in 
diameter Areas of inhibition lacked vascular Wood flow and thus were only obsen^ed under experimental conditions of 
methylcellulose containing taxol; under control conditions of disks lacking taxol there was no effect on the developing 
capillary system. The dose-dependent, experimental data of the effects of taxol at different concentrations are shown 
in Table It. 



TABLE II 



Anqioqenic Inhibition by Taxol 


Taxol Concentration \ig 


Embryos Evaluated 


% Inhibition 




(Positive/Total) 




30 


31/31 


100 


10 


16/21 


76 


5 


18/25 


72 


1 


6/15 


40 


Control 


0/30 


0 



Typical taxol-treated CAMs (Figures 2A and 2B) are shown with the transparent methylcellutose disk centrally posi- 
tioned over the avascular zone measuring 6 mm in diameter. At a slightly higher magnification, the periphery of such 
avascular zones is clearly evident (Rgure 2C); the surrounding functional vessels were often redirected away from the 
source of taxol (Figures 2C and 2D). Such angular redirecting of blood flow was never observed under normal condi- 
tions. Another feature of the effects of taxol was the formation of bkxxl islands within the avascular zone representing 
the aggregation of blood cells. 

The associated morphological alterations of the tawl-treated CAM are readily apparent at both the light and elec- 
tron microscopic levels. For the convenience of presentation, three distinct phases of general transition from the normal 
to the avascular state are shown. Near the periphery of the avascular zone the CAM is hallmarked by an abundance of 
mitotic cells within all three germ layers (Rgures 3A and 4A). This enhanced mitotic division was also a consistent 
obsen/ation for capillary endothelial cells. However, the endothelial cells remained jundionally intact with no extravasa- 
tion of Wood cells. With further degradation, the CAM is characterized by the breakdown and dissolution of capillaries 
(Figures 3B and 4B). The presunptive endothelial cells, typically anrested in mitosis, still maintain a close spatial rela- 
tionship with blood cells and lie subjacent to the ectoderm; however, these cells are not junctionally linked. The most 
central portion of the avascular zone was characterized by a thickened ectodermal and endodermal layer (Figures 3C 
and 4C). Although these layers were thickened, the cellular junctions remained intact and the layers maintained their 
structural characteristics. Within the mesodemi. scattered mitotically an'ested cells were abundant; these cells did not 
exhibit the endothelial cell polarization observed in the former phase. Also, throughout this avascular region, degener- 
ating cells were common as noted by the electron dense vacuoles and cellular debris (Rgure 4C). 

In summary, this study demonstrated that 48 hours after taxol application to the CAM, angiogenesis was inhibited. 
The blood vessel inhibition formed an avascular zone which was represented by three transitional phases of taxol's 
effect. The central, most affected area of the avascular zone contained cfisrupted capillaries with extravasated red Wood 
cells; this indicated that intercellular junctions between endothelial cells were absent. The cells of she endoderm and 
ectoderm maintained their intercellular junctions and therefore these germ layers remained intact; however, they were 
slightly thickened. As the normal vascular area was approached, the Wood vessels retained their junctional complexes 
and therefore also remained intact At the periphery of the taxol-treated zone, further Wood vessel growth was inhibited 
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which was evident by the typical redirecting or "elbowing" effect of the blood vessels (Figure 2D). 

Taxol-treated avascular zones also revealed an abundance of celts arrested in mitosis in ail three germ layers of the 
CAM: this was unique to taxol since no previous study has illustrated such an event. By being arrested in mitosis^ 
endothelial cells could not undergo their normal metabolic functions involved in angiogenesis. In comparison, the avas- 

5 cular zone formed by suramin and cortisone acetate do not produce mitoticalty arrested cells in the CAM; they only pre- 
vented further blood vessel growth into the treated area. Therefore, even though agents are anti-angiogenic, there are 
many points in which the angiogenesis process may be targetted. 

We also observed the effects of taxol over the 48 hour duration and noticed that inhibition of angiogenesis occurs 
as early as 9 hours after application. Histological sections revealed a similar morphology as seen in the first transition 

10 phase of the avascular zone at 48 hours illustrated in figure 3a and 4a. Also, we observed the revascularization process 
Into the avascular zone previously observed. It has been found that the avascular zone formed by heparin and angi- 
ostatic steroids became revascularized 60 hours after application, in our study, taxol-treated avascular zones did not 
revascularize for at least 7 days after application implying a more potent long-term effect. 

15 EXAMPLE 3 

ENCAPSULATION OF SURAMIN 

One milliliter of 5% ELVAX (poiy(ethylene'Viny1 acetate) cross-linked with 5% vinyl acetate) in dichtoromethane 
20 ("DCM") is mixed with a fixed weight of sub-micron ground sodium suramin. This mixture is injected into 5 ml of 5% Pol- 
yvinyl Alcohol ("PVA") in water in a 30 ml flat bottomed test tube. Tubes containing different weights of the drug are then 
suspended in a multi-sample water bath at 40*" for 90 minutes with automated stimng. The mixes are removed, and 
microsphere samples taken for size analysis. Tubes are centrlfuged at lOOOg for 5 min. The PVA supernatant is 
removed and saved for analysis (nonencapsulated drug). The microspheres are then washed (vortexed) in 5 ml of water 
25 and recentrifuged. The 5 ml wash is saved for analysis (surface bound drug). Microspheres are then wetted in 50 ul of 
methanol, and vortexed in 1 ml of DCM to dissolve the ELVAX. The microspheres are then warmed to 40°C. and 5 ml 
of SO^'C water is slowly added with stinrlng. This procedure results in the immediate evaporation of DCM. thereby caus- 
ing the release of sodium suramin into the 5 ml of water. All three 5 ml samples were then assayed for drug content. 
Sodium suramin absorbs uvAHs with a lambda max of 312nm. The absorption is linear in the 0 to 100 ug/ml range 
30 In both water and 5% PVA. The drug fluoresces strongly with an excitation maximum at 31 2nm, and emission maximum 
at 400nm. This fluorescence is quantifiable in the 0 to 25 ug/ml range. 

Results are shown in Figures 5-10. Briefly, the size distribution of miaospheres appears to be unaffected by inclu- 
sion of the drug In the DCM (see Figures 5 and 6). Good yields of microspheres in the 20 to 60 fim range may be 
obtained. 

35 The encapsulation of suramin is very low (<1%) (see Figure 8). However as the weight of drug is increased in the 
DCM the total amount of drug encapsulated inaeased although the % encapsulation deaeased. As is shown in Figure 
7, 50ug of drug may be encapsulated in 50 mg of ELVAX. Encapsulation of sodium suramin in 5% PVA containing 1 0% 
NaCI Is shown In Rgures 9-10. 

40 EXAMPI-g4 

ENCAPSULATION OF TAXOL 

Five hundred micrograms of either taxol or baccatin (a taxol analog, available from Inflazyme Pharmaceuticals Inc., 
45 Vancouver, British Columbia, Canada) are dissolved In 1 ml of a 50:50 ELVAXpoly-l-lactic add mixture in DCM Micro- 
spheres are then prepared in a dissolution machine (Six-spindle dissolution tester, Vanderkamp Van Kell Industries 
Inc.. U.S.A.) in triplicate at 200 rpm. 42''C. for 3 hours. Microspheres so prepared are washed twice in water and sized 
on the miaoscope. 

Determination of taxol encapsulation is undertaken In a uvA^is assay (uv/vis lamda max. at 237 nm, fluorescence 
so assay at excitation 237, emission at 325 nm; Fluorescence results are presented In square brackets D)- Utilizing the pro- 
cedures desCTibed above, 58 |xg (+/-12 fig) [75 ^g (+/-25 jig)] of taxol may be encapsulated from a total 500 ^ig of start- 
ing material. This represents 12% (+/-2.4%) [15% (+/-5%)] of the original weight, or 1 .2% (+/-0.25%) [1 .5% (+/-0.5%)J 
by weight of the polymer. After 1 8 hours of tumbling in an oven at 37*C, 1 0.3% (47-1 0%) [6% (+7-5.6%)] of the total taxol 
had been released from the microspheres. 
55 For baccatin. 100 +7-15 iig [83 4-/-23|ig] of fc>accatin can be encapsulated from a total of 500 ^g starting material. 
This represents a 20% (+/-3%) [17% (+/-5%) of the original weight of baccatin, and 2% (+/-0.3%) [1.7% (+/-0.5%)] by 
weight of the polymer. After 18 hours of tumbling in an oven at 37X. 55% (+/-13%) [60% (+/-23%)1 of the baccatin is 
released from the microspheres. 
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EXAMPLES 

ANALYSIS OF SURGICAL PASTE CONTAINING ANTI-ANGIOGENIC COMPOSITIONS 

5 Fisher rats weighing approximately 300 grams are anesthetized, and a 1 cm transverse upper abdominal incision 
is made. Two-tenths of a milliliter of saline containing 1x10^ live 9L gllosarcoma cells (eluted immediately prior to use 
from tissue culture) are injected into 2 of the 5 hepatic lobes by piercing a 27 gauge needle 1 cm through the liver cap- 
sule. The abdominal wound is dosed with 6.0 resorptible suture and skin clips and the GA terminated. 

After 2 weeks, the tumor deposits will measure approximately 1 cm. At this time, both hepatic tumors are resected 

10 and the bare margin of the liver is packed with a hemostatic agent. The rats are divided into two groups: half is admin- 
istered polymeric carrier alone, and the other half receives an anti-angiogenic conpositlon. 

Rats are sacrificed 2, 7, 1 4, 21 and 84 days post hepatic resection. In particular, the rats are euthanized by injecting 
Euthanyt into the dorsal vein of the tail. The liver, spleen, and both lungs are removed, and histologic analysis is per- 
formed in order to study the tumors for evidence of anti-angiogenic activity. 

IS 

EMBOUZATION OF RAT ARTERIES 

20 Rsher rats weighing approxinr^tely 300 grams are anesthetized. Utilizing aseptic procedures, a 1 cm transverse 
upper abdominal incision is made, and the liver identified. Two-tenths off a milliliter of saline containing 1 million live 9L 
gllosarcoma cells (eluted immediately prior from tissue culture) is injected into each of the 5 hepatic lobes by piercing 
a 27 gauge needle 1 cm through the liver capsula One-tenth of a milliliter of normal saline is injected into the needle 
as it is withdrawn to ensure that there is no spillage of cells into the peritoneal cavity. A pledget of gelfbam is placed on 

25 each of the puncture sites to ensure hemostasis. The abdominal wound is closed with 6.0 resorptible suture with skin 
dips, and the anesthetic terminated. The rat is returned to the animal care ^dlity to have a standard diet for 14 days, 
at which time each tumor deposit will measure 1 cm in diameter. The same procedure is repeated using Westar rats 
and a Colon Cancer cell line (Radblogic Oncology Lab. M.D. Anderson. Houston, Texas). In tftis instance. 3 weeks are 
required post-injection for the tumor deposits to measure 1 cm in diameter each. 

30 After 2 a 3 weeks, depending on the rat species, the same general anesthetic procedure is followed and a midline 
abdominal indsion is perfcn^med. The duodenum is flipped and the gastroduodenal artery is identified and mobilized. 
Ties are placed above and below a cutdown site on the midportkm of the gastroduodenal artery (GDA), and 0.038 inch 
polyethylene tubing is introduced in a retrograde fashion into the artery using an operating microscope. The tie below 
the insertion point will ligate the artery, while \he one above will fix the catheter in place. Angiography is performed by 

35 injecting 0.5 ml of 60% radiopaque contrast material through the catheter as an x-ray is taken. The hepatic artery is then 
embolized by refluxing partk:les measuring 15-200 \wn through the gastroduodenal artery catheter until flow, observed 
via the operating microscope, is seen to cease for at least 30 seconds. Ocdusion of the hepatic artery is confirmed by 
repeating an angiogram through the GDA catiieter. Utilizing this procedure, one-half of the rats receive 15-200 ^m par* 
tides of polymer alone, and the other half receive 15-200 ixm partides of tiie polymer-anti-angiogenic factor composi- 

40 Wot). The Mpper GDA ligature is tightened to occlude tfie GDA as tiie catheter is withdrawn to ensure hernostasis. and 
the hepatic artery (although embolized) is left Intact The abdomen is dosed with 6.0 absorb£dt}le suture and surgical 
clips. 

The rats are subsequently sacrificed at 2. 7, 14, 21 and 84 days post-entx)lization in order to determine efficacy of 
the anti-angiogenic factor. Briefly, general anesthetic is given, and utilizing aseptic precautions, a midline incision per- 

45 formed. The GDA is mobilized again, and after placing a ligature near tiie junction of tiie GDA and tiie hepatic artery 
{i.e. . well above tiie site of the previous cutdown), a 0.033-i ndi polyethylene tubing is inserted via cutdown of tiie vessel 
and angiography is performed. The rat is then euthanized by injecting Euthanyl into tiie dorsal vein of the tail. Once 
eutiianasia is confimied, the liver is removed en bloc along witti tiie stomach, spleen and both lungs. 

Histdogic analysis is performed on a prepared slide stained with hematoxylin and eosin ("H and E") stain. Briefly, 

50 the lungs are sectioned at 1 cm intervals to assess passage of embolic material tiirough the hepatic veins and into tiie 
right side of circulation. The stomach and spleen are also sectioned in order to assess inadvertent immobilization from 
reflux of particles into the celiac access of the collateral drculation. 

EXAMPLE 7 

56 

TRANSPLANTATION OF BILIARY STENTS IN RATS 

(3leneral anesthetic is administered to 300 gram Fisher rats. A 1 cm transverse indsion is then made in tiie upper 
abdomen, and tiie liver identified. In the most superficial lobe, 0.2 ml of saline containing 1 million cells of 9L gliosar- 
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coma cells (eluted from tissue culture immediately prior to use) is injected via a 27 gauge needle to a depth of 1 cm into 
the liver capsule. Hemostasis is achieved after removal of the needle by placing a pledget of gelfoam at the puncture 
sites. Saline is injected as the needle is removed to ensure no spillage of cells into the peritoneal cavity or along the 
needle track The general anesthetic is terminated, and the animal returned to the animal care center and placed on a 
normal diet. 

Two weeks later, general anesthetic Is administered, and utilizing aseptic precautions, the hepatic lobe containing 
the tumor is identified through a midline incision. A 16 gauge angiographic needle is then inserted through the hepatic 
capsule into the tumor, a 0.038-inch guidewire passed through the needle, and the needle withdrawn over the 
guidewire. A number 5 French dilator is passed over the guide into the tumor and withdrawn. A nurr±>er 5 French deliv- 
ery catheter is then passed over the wire containing a self-expanding stainless steel Walistent (5 mm in diameter and 
1 cm long). The stent is deployed into the tumor and the guidewire delivery catheter is removed. One-third of the rats 
have a conventional stainless steel stent inserted into the tunrx>r, one-third a stainless steel stent coated with polymer, 
and one third a stent coated with the polymer-anti-angiogenic factor compound. The general anesthetic is terminated 
and the rat returned to the animal care facility. 

A plain abdominal X-ray is performed at 2 days in order to assess the degree of stent opening. Rats are sacrificed 
at 2, 7, 14, 28 and 56 days post-stent insertion by injecting Euthanyl. and their livers removed en bloc once euthanasia 
is confirmed. After fixation in formaldehyde for 48 hours, the liver is sectioned at 0.5 mm intervals; including severing 
the stent transversely using a fresh blade lor each slice. Histologic sections stained with H and E are then analyzed to 
assess the degree of tumor ingrowth into the stent lumen. 

EXAMPLES 

MANUFACTURE OF MICROSPHERES 

Equipment which is prefenred for the manufacture of microspheres described below include: 200 ml water jacketed 
beaker (Kimax or Pyrex), Haake circulating water bath, overhead stin-er and controller with 2 inch diameter (4 blade, 
propeller type stainless steel stin-er - Fisher brand). 500 ml glass beaker, hot plate/stirrer (Corning brand). 4 X 50 ml 
polypropylene centrifuge tubes (Nalgene), glass scintillation vials with plastic insert caps, table top centrifuge (GPR 
Beckman), high speed centrifuge- floor model (JS 21 Beckman). Mettler analytical balance (AJ 100, 0.1 mg), Mettler 
digital top loading balance (AE 163. 0.01 mg), automatic pipetter (Gilson). Reagents include Polycaprolactone ("PCL" 
- mol wt 10,000 to 20,000; Polysciences, Warrington Pennsylvania. USA), "washed" Ethylene Vinyl Acetate ("EVA" 
washed so as to remove the anti-oxidant BHT), Poly(DL)lactic acid ("PLA" - md wt 15,000 to 25,000; Polysciences), 
Polyvinyl Alcohol ("PVA" - mol wt 124.000 to 186,000; 99% hydrolyzed; Aldrich Chemical Co., Milwaukee Wl. USA), 
Dichlaomethane ("DCM** or ''methylene chloride"; HPLC grade Fisher scientific), and distilled water. 

A. Preparation of 5% (w/v) Polymer Solutions 

Depending on the polymer solution being prepared, 1 .00 g of PCL or PLA. or 0.50 g each of PLA and washed EVA 
is weighed directly into a 20 ml glass sdntillation vial. Twenty milliliters of DCM is then added, and the vial tightiy 
capped. The vial is stored at room temperature (25**C) for one hour (occasional shaking may be used), or until all tiie 
polymer has dissolved (the solution should be clear). The solution may be stored at room temperature for at least two 
weeks. 

B. Prepar^tiQn pf 5% (w/v) Stoqk Solution of PVA 

Twenty-five grams of PVA is weighed directiy into a 600 ml glass beaker. Five hundred milliliters of distilled water is 
added, along with a 3 inch Teflon coated stir bar The beaker is covered with glass to decrease evaporation losses, and 
placed into a 2000 m! glass beaker containing 300 ml of water (which acts as a water bath). The PVA is stin-ed at 300 
rpm at 85''C (Corning hot plate/stirrer) for 2 hours or until fully dissolved. Dissolution of tiie PVA may be determined by 
a visual check; the solution should be clear. The solution is then transferred to a glass saew top storage container and 
stored at 4''C for a maximum of two months. The solution, however should be warmed to room temperature before use 
or dilution. 

C. Procedure for Produdno Microspheres 

Based on the size of microspheres being made (see Table 1). 100 ml of the PVA solution (concentrations given in 
Table III) is placed into tiie 200 ml water jacketed beaker. Haake circulating water bath is connected to this beaker and 
the contents are allowed to equilibrate at 27^C (+/-1 O^^C) for 1 0 minutes. Based on tiie size of microspheres being made 
(see Table HI), tiie start speed of the overhead stirrer is set. and the blade of tiie overhead stirrer placed half way down 
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in the PVA solution. The stirrer is then started, and 10 ml of polymer solution (polymer solution used based on type of 
microspheres being produced) is then dripped into the stinging PVA over a period of 2 minutes using a 5 ml automatic 
pipetter. After 3 minutes the stir speed is adjusted (see Table III), and the solution stirred for an additional 2.5 hours. The 
stirring blade is then removed from the microsphere preparation, and rinsed with 1 0 ml of distilled water so that the rinse 

5 solution drains into the microsphere preparation. The microsphere preparation is then poured into a 500 ml beal^er, and 
the jacketed water bath washed with 70 ml of distilled water, which is also allowed to drain into tiie microsphere prepa- 
ration. The 180 ml microsphere preparation is then stirred with a glass rod. and equal amounts are poured into four 
polypropylene 50 ml centrifuge tubes. The tubes are then capped, and cent^ifuged for 10 minutes (force given in Table 
1 ) . A 5 ml automatic pipetter or vacuum suction is tiien utilized to draw 45 ml of the PVA solution off of each microsphere 

10 pellet. 



TABLE III 



PVA concentrations, stir speeds, and centrifugal force requirements for each diameter range of micro- 
spheres. 


PRODUCTION STAGE 


MICROSPHERE DIAMETER RANGES 




30 [im to 100 tun 


10 (im to 30 |im 


0.1 )im to 3 ^m 


PVA Concentration 


2.5% (wyv)(/.e.. dilute 5% 
stock with distilled water 


5%(w/v)(/.e..undnuted 
stock) 


3.5% (wAO(/.e., dilute 5% 
stock with distilled water 


Starting Stir Speed 


500 rpm +/- 50 rpm 


500 rpm +/- 50 rpm 


3000 rpm +/- 200 rpm 


Adjusted Stir Speed 


500 rpm +A 50 rpm 


500 rpm +/- 50 rpm 


2500 rpm +/- 200 rpm 


Centrifuge Force 


1000g+/- 1 00 g (Table top 

model) 


1000 g+/- 100 g (Table top 
model) 


10 000 g+/- 1000 g (High 
speed model) 



30 Five milliliters of distilled water is then added to each centrifuge tube, which is then vortexed to resuspend tiie 
microspheres. The four mlaosphere suspensions are tfien pooled Into one centrifuge tube along with 20 ml of distilled 
water, and centrlfuged for another 10 minutes (force given in Table 1). This process is repeated two additional times for 
a total of tiiree washes. The microspheres are tiien centrifuged a fffial time, and resuspended in 10 ml of distilled water. 
After the final wash, tiie microsphere preparation is transfenred into a preweighed glass scintillation vial. The vial is 

35 capped, and left overnight at room temperature (25''C) in order to allow tiie microspheres to sediment out under gravity. 
Microspheres which fall in the size range of 0.1 um to 3 um do not sediment out under gravity, so they are left in the 10 
ml suspension. 

D. Drying of 10 um to 30 fim or 30 ^m to 100 ^im Diameter Microspheres 

40 

After the microspheres have sat at room temperature overnight, a 5 ml automatic pipetter or vacuum suction is 
used to draw tiie supernatant off tiie sedimented microspheres. The microspheres are allowed to dry in tiie uncapped 
vial in a drawer for a period of one week or until they are fully dry (vial at constant weight). Faster drying may be accom- 
plished by leaving tiie uncapped vial under a slow stream of nitrogen gas (flow approx. 10 ml/min.) in the fume hood. 
45 When fully dry (vial at constant weight), the vial is weighed and capped. The labelled, capped vial is stored at room tem- 
perature In a drawer. Microspheres are normally stored no longer than 3 montiis. 

E. Drying of 0.1 um to 3 um Diameter Microspheres 

50 This size range of microspheres will not sediment out, so tiiey are left in suspension at 4*C for a maximum of four 
weeks. To determine the concentration of microspheres in tiie 10 ml suspension, a 200 ^1 sample of the suspension is 
pipetted into a 1 .5 ml preweighed miaofuge tube. The tube is then centrifuged at 10.000 g (Eppendorf table top micro- 
fuge), tiie supernatant removed, and tiie tube allowed to dry at 50*^0 overnight The tube is tiien reweighed In order to 
determine tiie weight of dried microspheres within tiie tube. 

55 

R Manufacture of Taxo l Loaded Microsphere 

In order to prepare taxol containing microspheres, an appropriate amount of weighed taxd (based upon the per- 
centage of taxol to be encapsulated) is placed directly into a 20 ml glass scintillation vial. Ten milliliters of an appropriate 
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polymer solution* is then added to the vial containing the taxol, which is then vortexed until the taxol has dissolved. 
Mlaospheres containing taxol may then be produced essentially as described above in steps (C) through (E). 

gXAMPI^9 

5 

MANUFACTURE OF STENT COATING 

Reagents and equipment which are utilized within the foltowing experiments include (medical grade stents obtained 
commerdalty from a variety of manufacturers: e.g. , the "Strecker" stent) and holding apparatus, 20 ml glass scintillation 
10 vial with cap (plastic insert type), TLC atomizer, Nitrogen gas tank, glass test tubes (various sizes from 1 ml and up), 
glass beakers (various sizes), Pasteur pipette, tweezers, Polycaprolactone ("PCL" - mol wt 10,000 to 20,000; Poly- 
sciences), Tool (Sigma Chemical Co., St. Louis, Mo., 9S% purity), Ethylene vinyl acetate ("EVA** - washed - see previ- 
ous), Poly(DL)lactic acid ("PLA" - mol wt 15,000 to 25,000; Polysdences). dichloromethane ("DCM" - HPLC grade. 
Rsher Scientific). 

A. Procedure for Sprayed Stent? 

The following describes a typical method using a 3 mm crinped diameter interleaving metal wire stent of approxi- 
mately 3 cm length. For larger diameter stents, larger volumes of polymer/drug solution are used. 

20 Weigh sufficient polymer directly into a 20 ml glass scintillation vial and add sufficient DCM to achieve a 2% w/v 
solution. Cap the vial and mix the solution to dissolve the polymer (hand shaking). Assemble the stent in a vertical ori- 
entation. This can be accomplished using a piece of nylon and tying the stent to a retort stand. Position this stent hold- 
ing apparatus 6 to 12 inches above the fume hood floor on a suitable support {e.g, , inverted 2000 ml glass beaker) to 
enable horizontal spraying. Using an automatic pipette, transfer a suitable volume (minimum 5 ml) of the 2% polymer 

25 solution to a s^rate 20 ml glass scintillation vial. Add an appropriate amount of taxol to the solution and dissolve it by 
hand shaking the capped vial. 

To prepare for spraying, remove the cap of this vial and dip the barrel (only) of an TLC atomizer into the polymer 
solution. Note that the reservoir of the atomizer need not be used in this procedure: the 20 ml glass vial acts as a res- 
ervoir. Connect the nitrogen tank to the gas inlet of the atomizer. Gradually increase the pressure until atomizatton and 

30 spraying begins. Note the pressure and use this pressure throughout the procedure. To spray the stent use 5 second 
oscillating sprays with a 15 second dry time between sprays. After 5 sprays, rotate the stent 90* and spray that portion 
of the stent. Repeat until all sides of the stent have been sprayed. During the dry time, finger crimp the gas line to avoid 
wastage of the spray Spraying is continued until a suitable amount of polymer is deposited on the stents. The amount 
may be based on the specific stent application in vivo. To determine the amount weigh the stent after spraying has 

35 been completed and the stent has dried. Subtract the original weight of the stent from the finished weight and this pro- 
duces the amount of polymer (plus taxol) applied to the stent Store the coated stent in a sealed container. 

B. Procedure for Dipped Stents 

40 The following describes a typical method using a 3 mm crinped diameter interleaving metal wire stent of approxi- 
mately 3 cm length. For larger diameter stents, larger volumes of polymer/drug solution are used in larger sized test 
tubes. 

Weigh 2 g of EVA into a 20 ml glass scintillation vial and add 20 ml of DCM. Cap the vial and leave it for 2 hours to 
dissolve (hand shake the vial frequently to assist the dissolving process). Weigh a known weight of taxol directly into a 

45 1 ml glass test tube and add 0.5 ml of the polymer solution. Using a glass Pasteur pipette, dissolve the taxd by gently 
pumping the polymer solution. Once the taxol is dissolved, hold the test tube in a near horizontal position (the sticky 
polymer solution will not flow out). Using tweezers, insert the stent into the tube all the way to the bottom. Allow the pol- 
ymer solution to flow almost to the mouth of the test tube by angling the mouth below horizontal and then restoring the 
test tube to an angle slightly above the horizontal. While slowly rotating the stent in the tube, slowly remove the stent 

so (approximately 30 seconds). 

Hold the stent in a vertical position to dry. Some of the sealed perforations may pop so that a hole exists in the con- 
tinuous sheet of polymer. This may be remedied by repeating the previous dipping procedure, however repetition of the 
procedure can also lead to further popping and a general uneven build up of polymer. Generally, it is better to dip the 
stent just once and to cut out a section of stent that has no popped perforations. Store the dipped stent in a sealed con- 

55 tainer. 
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g?(AMPLElO 

MANUFACTURE OF SURGICAL TASTES" 

As noted above, the present invention provides a variety of polymeric-containing drug compositions that may be uti- 
lized within a variety of clinical situations. For example, conpositions may be produced: (1) as a "thermopaste" that is 
applied to a desired site as a fluid, and hardens to a solid of the desired shape at a specified temperature {e.g., body 
temperature); (2) as a spray (i.e. . "nanosprayO which may delivered to a desired site either directly or through a spe- 
cialized apparatus {e.g.. endoscopy), and which subsequently hardens to a solid which adheres to the tissue to which 
it is applied; (3) as an adherent, pliable, resilient, angiogeneis inhibitor-polymer film applied to a desired site either 
directly or through a specialized apparatus, and which preferably adheres to the site to which it is applied; and (4) as a 
fluid conposed of a suspension of microspheres in an appropriate carrier medium, which is applied to a desired site 
either directly or via a specialized apparatus, and which leaves a layer of microspheres at the application site. Repre- 
sentative examples of each of the above embodiments is set forth in more detail below. 

A Procedure for Produdno Thermooaste 

Reagents and equipment which are utilized within the following experiments include a sterile glass syringe (1 ml). 
Corning hot plate/stiner. 20 ml glass scintillation vial, moulds {e.g.. 50 \i\ DSC pan or 50 ml centrifuge tube cap inner 
portion), scalpel and tweezers, Polycaprolactone (TCL" - mol wt 10.000 to 20.000; Polysciences. Wan-lngton. Pennsyl- 
vania USA), and Taxol (Sigma grade 9S% purity minimum). 

Weigh 5.00 g of polycaprolactone directly into a 20 ml glass scintillation vial. Place the vial in a 600 ml beaker con- 
taining 50 mi of water. Gently heat the beaker to 65'*C and hold it at that temperature for 20 minutes. This allows the 
polymer to melt Thoroughly mix a known weight of taxol, or other angiogenesis inhibitor into the melted polymer at 
65^*0. Pour the melted polymer into a prewarmed (SO'^C oven) mould. Use a spatula to assist with the pouring process. 
Allow the mould to cool so the polymer solidifies. Cut or break the polymer into small pieces (approximately 2 mm by 2 
mm in size). These pieces must fit into a 1 ml glass syringe. Remove the plunger from the 1 ml glass syringe (do not 
remove the cap from the tip) and place it on a balanca Zero the balance. 

Weigh 0.5 g of the pieces directly into the open end of the syringe. Place the glass syringe upright (capped tip 
downwards) into a 500 ml glass beaker containing distilled water at 65°C (corning hot plate) so that no water enters the 
barrel. The polymer melts completely within 10 minutes in this apparatus. When the polymer pieces have melted, 
remove the barrel from the water bath. hoM it horizontally and remove the cap. Insert the plunger into the barrel and 
compress the melted polymer into a sticky mass at the tip end of the ban-el. Cap the syringe and allow it to cool to room 
temperature. 

For application, the syringe may be reheated to GO^'C and administered as a liquid which solidifies when cooled to 
body temperature. 

B. Procedure for Producing Nanosorav 

Nanospray is a suspension of small microspheres in saline. If the miaospheres are very small {i.e. , under 1 ^m in 
diameter) they form a colloid so that the suspension will not sediment under gravity. As is desalbed in more detail 
below, a suspension of 0. 1 |ini to 1 ftm mk:roparticles may be aeated suitable for deposition onto tissue through a finger 
pumped aerosol. Equipment and materials which may be utilized to produce nanospray include 200 ml water jacketed 
beaker (Wmax or Pyrex), Haake circulating water bath, overhead stiffer and controller with 2 inch diameter (4 blade, pro- 
peller type stainless steel stirrer; Fisher brand). 500 ml glass beaker, hot plate/stirrer (Corning brand), 4 X 50 ml poly- 
propylene centrifuge tubes (Nalgene), glass scintillation vials with plastic insert caps, table top centrifuge (Beckman), 
high speed centrifuge • floor model (JS 21 Beckman). Mettler analytical balance (AJ 100. 0.1 mg). Mettler digital top 
loading balance (AE 163. 0.01 mg). automatic pipetter (Gilson). sterile pipette tips, pump action aerosol (Pfeiffer phar- 
maceuticals) 20 ml, laminar flow hood. Polycaprolactone ("PCL" - mol wt 10,000 to 20,000; Polysciences, Wanington, 
Pennsylvania USA), "washed" (see previous) Etiiylene Vinyl Acetate ("EVA^, Poly(DL)lactic add ("PLA" mol wt 15.000 
to 25,000; Polysciences). Polyvinyl Alcohol ("PVA" - mol wt 124,000 to 186.000; 99% hydrolyzed; AWrich Chemical Co.. 
Milwaukee. Wl USA), DIchloromethane ("DCM" or "methylene chloride:" HPLC grade Fisher scientific), Distilled water, 
sterile saline (Becton and Dickenson or equivalent) 

1 . Preparation of 5% (w/v) Polymer Solutioris 

Depending on tiie polymer solution being prepared, weigh 1 .00 g of PCL or PLA or 0.50 g each of PLA and washed 
EVA directty into a 20 ml glass scintillation vial. Using a measuring cylinder, add 20 ml of DCM and tightiy cap tiie vial. 
Leave the vial at room temperature (25'*C) for one hour or until all tiie polymer has dissolved (occasional hand shaking 



24 



EP0 706 376 B1 



may be used). Dissolving of the polymer can be determined by a visual check; the solution should be clear. Label the 
vial with the name of the solution and the date it was produced. Store the solutions at room temperature and use within 
two weeks. 

5 2. Preparation of 3. 5% (w/v) Stock Solution of PVA 

The solution can be prepared by following the procedure given below, or by diluting the 5% (w/v) PVA stock solution 
prepared for production of microspheres (see Example 8). Briefly, 1 7.5 g of PVA Is weighed directly Into a 600 ml glass 
beaker, and 500 ml of distilled water is added. Place a 3 inch teflon coated stir bar in the beaker. Cover the beaker with 
10 a cover glass to reduce evaporation losses. Place the beaker in a 2000 ml glass beaker containing 300 ml of water. This 
will act as a water bath. Stir the PVA at 300 rpm at 85'*C (Corning hot plate/stinrer) for 2 hours or until fully dissolved. 
Dissolving of the PVA can be determined by a visual check; the solution should be dear. Use a pipette to transfer the 
solution to a glass screw top storage container and store at 4<'C for a maximum of two months. This solution shouM be 
wamied to room temperature before use or dilution. 

15 

3. Procedure for Producing Nanospray 

Place the stin^Ing assembly In a fume hood. Place 100 rr^ of the 3.5% PVA solution in the 200 ml water jacketed 
beaker. Connect the Haake water bath to this beaker and allow the contents to equilibrate at 27'*C (+/-1 ^C) for 10 min- 

20 utes. Set the start speed of the overhead stirrer at 3000 rpm (+/-200 rpm). Place the blade of the overhead stirrer half 
way down in the PVA solution and start the stirrer. Drip 10 ml of polymer solution (polymer solution used based on type 
of nanospray being produced) into the stimng PVA over a period of 2 minutes using a 5 ml automatic pipetter. After 3 
mimjtes, adjust the stir speed to 2500 rpm (W- 200 rpm) and leave the assembly for 2.5 hours. After 2.5 hours, remove 
the stirring blade from the nanospray preparation and rinse with 10 ml of distilled water. Allow the rinse solution to go 

25 into the nanospray preparation. 

Pour tine microsphere preparation into a 500 ml beaker. Wash the jacketed water bath with 70 ml of distilled water. 
Allow the 70 ml rinse solution to go into the microsphere preparation. Stir the 180 ml microsphere preparation witii a 
glass rod and pour equal amounts of rt Into four polypropylene 50 ml centrifuge tubes. Cap the tubes. Centrifuge the 
capped tubes alio 000 g (47- 1000 g) for 10 minutes. Using a 5 ml automatic pipetter or vacuum suction, draw 45 ml 

30 Of the PVA solution off each microsphere pellet and discard it. Add 5 ml of distilled water to each centrifuge tube and 
use a vortex to resuspend the microspheres in each tube. Using 20 ml of distilled water, pool the four microsphere sus- 
pensions into one centrifuge tube. To wash the microspheres, centrifuge the nanospray preparation for 10 minutes at 
10 000 g (+/- 1000 g). Draw tiie supernatant off the microsphere pellet. Add 40 ml of distilled water and use a vortex to 
resuspend ttie microspheres. Repeat this process two more times for a total of three washes. Do a fourth wash but use 

35 only 10 ml (not 40 ml) of distilled water when resuspending tiie microspheres. After tiie fourtii wash, transfer the micro- 
sphere preparation into a preweighed glass scintillation vial. 

Cap ttie vial and let it sit for 1 hour at room temperature (25^C) to allow the 2 jxm and 3 jim diameter microspheres 
to sediment out under gravity. After 1 hour, draw off the top 9 ml of suspension using a 5 ml automatic pipetter. Place 
the 9 ml into a sterile capped 50 ml centrifuge tut»e. Centrifuge ttie suspensk)n at 10 000 g (+1- 1000 g) for 10 minutes. 

40 Discard the supernatant and resuspend the pellet in 20 ml of sterile saline. Centrifuge tiie suspension at 10 000 g (+/- 
1000 g) for 10 minutes. Discard tiie supernatant and resuspend tiie pellet in sterile saline. The quantity of saline used 
is dependent on the final required suspension concentration (usually 1 0% w/v). Thoroughly rinse the aerosol apparatus 
in sterile saline and add the nanospray suspension to tiie aerosol. 

45 C. Manufacture of Taxol Loaded Nanospray 

To manufacture nanospray containing taxol, use Taxol (Sigma grade 95% purity). To prepare the polymer drug 
stock solution, weigh the appropriate amount of taxol directly into a 20 ml glass scintillation vial. The appropriate 
amount Is determined based on the percentage of taxol to be in the nanospray. For example, if nanospray containing 

50 5% taxol was required, tiien the amount of taxol weighed woukf be 25 mg since tfie amount of polymer added Is 10 ml 
of a 5% polymer in DCM solution (see next step). 

Add 10 ml of the appropriate 5% polymer solution to tiie vial containing ttie taxol. Cap the vial and vortex or hand 
swiri it to dissolve the taxol (visual check to ensure taxol dissolved). Label tiie vial witii tiie date It was produced. This 
Is to be used the day it is produced. 

55 Follow the procedures as described above, except that polymer/drug (e.g.. taxol) stock solution Is substituted for 
the polymer solution. 
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D. Proce^itir^ ftr Pro^ticinq Film 

The term film refers to a polymer formed into one of many geometric shapes. The f 9m may be a thin, elastic sheet 
of polymer or a 2 mm thick disc of polymer. This film is designed to be placed on exposed tissue so that any encapsu- 
5 lated drug is released from the polymer over a long period of time at the tissue site. Films may be made by several proc- 
esses, including for example, by casting, and by spraying. 

In the casting technique, polymer is either melted and poured into a shape or dissolved in dichtoromethane and 
poured into a shape. The polymer then either solidifies as it cods or solidifies as the solvent evaporates, respectively 
In the spraying technique, the polymer is dissolved in solvent and sprayed onto glass, as the solvent evaporates the poi- 
re ymer solidifies on the glass. Repeated spraying enables a build up of polymer into a film that can be peeled from the 
glass. 

Reagents and equipment which were utilized within these experiments include a small beaker, Corning hot plate 
stirrer, casting moulds (e.^. , 50 ml centrifuge tube caps) and mould holding apparatus, 20 ml glass scintillation vial with 
cap (Plastic insert type), TLC atomizer. Nitrogen gas tanK Pdycaprol actone ("PCL" - mol wt 10,000 to 20,000; Pdy- 
15 sciences), Taxol (Sigma 95% purity), Ethanol, "washed" (see previous) Ethylene vinyl acetate ("EVA"), Poly(DL)lactic 
acid ("PLA" • mol wt 15,000 to 25,000; Pdysdences), Dichloromethane (HPLC grade Fisher Sdentif ic). 

1 . Procedure for Producing Films - Melt Casting 

20 Weigh a known weight of PCL directly into a small glass beaker. Place the beaker in a larger beaker containing 
water (to act as a water bath) and put it on the hot plate at TO'^C for 15 minutes or until the polymer has fully melted. 
Add a known weight of drug to tiie melted pdymer and stir the mixture thoroughly. To aki dispersion of the drug in the 
melted PCL, tiie drug may be suspended/dissolved in a small volume (<10% of the vdume of the melted PCL) of 100% 
etiiand. This ethanol suspension is then mixed into tiie melted polymer. Pour the melted polymer into a mould and let 

25 it to cool. After cooling, store the film in a container. 

2. Procedure for Producing Films - Solvent Casting 

Weigh a known weight of PCL directiy into a 20 mi glass scintillation vial and add suffident DCM to achieve a 10% 
30 w/v solution. Cap the vial and mix the solution. Add suffident taxd to the solution to achieve the desired final taxol con- 
centration. Use hand shaking or vortexing to dissolve the taxd in the solution. Let the sdution sit for one hour (to dimin- 
ish the presence of air bubbles) and then pour it stowly into a mould. The mouM used is based on the shape required. 
Place \he would in the fume hood overnight This will allow the DCM to evaporate. Either leave the film in the mould to 
store it or peel it out and store it in a sealed container. 

35 

3. Procedure for Producing Films - Spr^ed 

Weigh suffkiient polymer directiy into a 20 ml glass sdntillation vial and add suffident DQM to achieve a 2% w/v 
solution. Cap the vial and mix ttie solution to dissolve the polymer (hand shaking). Assemble the moulds in a vertical 

40 orientation in a suitable mouki hokiing apparatus in the fume hood. Position this mould hokjing apparatus 6 to 1 2 inches 
alxjve the fume hood fkx)r on a suitable support (e.g., inverted 2000 ml glass beaker) to enable horizontal spraying. 
Using an automatic pipette, transfer a suitable vdume (minimum 5 ml) of the 2% pdymer sdution to a separate 20 ml 
glass sdntillation vial. Add sufficient taxd to the sdution and dissolve it by hand shaking the capped vial. To prepare for 
spraying, remove the cap of this vial and dip the barrel (only) of an TLC atomizer into the polymer solution. Note: tiie 

45 reservdr of the atomizer is not used in tiiis procedure - the 20 ml glass vial acts as a reservoir. 

Connect tiie nitrogen tank to tiie gas inlet of tiie atomizer. Gradually inaease the pressure until atomization and 
spraying begins. Note the pressure and use ttiis pressure tiiroughout the procedure. To spray the moulds use 5 second 
osdllating sprays with a 1 5 second dry time between sprays. During the dry time, finger crimp tiie gas line to avokJ wast- 
age of the spray Spraying is continued until a suitade thickness of polymer Is deposited on the mould. The thk^kness 

50 is based on the request. Leave tiie sprayed films attached to the moukls and store in sealed containers. 

E. Procedure for Produdnq Nanopaste 

Nanopaste is a suspension of microspheres suspended in a hydrophilic gel. Witiiin one aspect of the invention, tiie 
55 gel or paste can be smeared over tissue as a method of locating drug loaded microspheres close to tiie target tissue. 
Being water based, the paste will soon become diluted witii bodily fluids causing a decrease in the stickiness of tiie 
paste and a tendency of the microspheres to be deposited on nearby tissue. A pool of microsphere encapsulated drug 
is ttiereby located dose to the target tissue. 

Reagents and equipment which were utilized witiiin tiiese experiments indude glass beakers, Carbopol 925 (phar- 
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maceutical grade, Goodyear Chemical Co.). distilled water, sodium hydroxide (1 M) in water solution, sodium hydroxide 
solution (5 M) in water solution, microspheres in the 0.1 ^m to 3 fim size range suspended in water at 20% wA^ (See 
previous). 

5 1 . Preparation of 5% w/v Carbopol Gel 

Add a sufficient amount of carbopol to 1 M sodium hydroxide to achieve a 5% wA^ solution. To dissolve the carbopol 
in the 1 M sodium hydroxide, allow the mixture to sit for approximately one hour. During this time period, stir the mixture 
using a glass rod. After one hour, take the pH of the mixture. A low pH indicates that the carbopol is not fully dissolved. 

10 The pH you want to achieve is 7.4. Use 5 M sodium hydroxide to adjust the pH. This is accomplished by slowly adding 
drops of 5 M sodium hydroxide to the mixture, stining the mixture and taking the pH of the mixture. It usually takes 
approximately one hour to adjust the pH to 7.4. Once a pH of 7.4 is achieved, cover the gel and let it sit for 2 to 3 hours. 
After this time period, check the pH to ensure It is still at 7.4. If it has changed, adjust back to pH 7.4 using 5 M sodium 
hydroxida Allow the gel to sit for a few hours to ensure the pH is stable at 7.4. Repeat the process until the desired pH 

IS is achieved and is stable. Label the container with the name of the gel and the date. The gel is to be used to make nan- 
opaste whhin the next week. 

2. Procedure for Producing Nanopate 

20 Add sufficient 0.1 fun to 3 (im microspheres to water to produce a 20% suspension of the microspheres. Put 8 ml 
of the S% wA^ cartx^ol gel in a glass beaker. Add 2 ml of the 20% microsphere suspension to the beaker. Using a glass 
rod or a mixing spatula, stir the mixture to thoroughly disperse the microspheres throughout the gel. This usually takes 
30 minutes. Once the microspheres are dispersed in the gel, place the mixture In a storage jar. Store the jar at 4*^0. It 
must be used within a one month period. 
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EXAMPLE 11 



CONTROLLED DELIVERY OF TAXOL FROM MICROSPHERES COMPOSED OF A BLEND OF ETHYLENE-VINYL- 
ACETATE COPOLYMER AND POLY(D.L LACTIC ACID). IN VIVO TESTING OF THE MICROSPHERES ON THE CAM 
30 ASSAY 

TTiis exarrple describes the preparation of taxol-loaded microspheres composed of a blend of biodegradable poly 
(d.l-lactic acid) (PLA) polymer and nondegradable ethylene-vinyl acetate (EVA) copolymer. In. addition, the in vitro 
release rate and antl-angiogenic activity of taxol released from miaospheres placed on a CAM are demonstrated. 
35 Reagents which were utilized In these experiments include taxol, which is purchased from Sigma Chemical Co. (St. 
Louis. MO): PLA (molecular weight 15.000-25.000) and EVA (60% vinyl acetate) (purchased from Polysciences (War- 
rington, PA): polyvinyl alcohol (PVA) (molecular weight 124,000-186,000, 99% hydrolysed, purchased from Aldrich 
Chemical Co. (Milwaukee, Wl)) and Dichtoromethane (DCM) (HPLC cpfade, obtained from Fisher Scientific Co). Distilled 
water is used throughout. 



A. Preparation of rniffrogphyos 



Miaospheres are prepared essentially as described in Example 8 utilizing tiie solvent evaporation method. Briefly. 
5% w/v polymer solutions in 20 mL DCM are prepared using blends of EVA:PLA between 35:65 to 90:10. To 5 mL of 

45 2.5% w/v PVA in water in a 20 mL glass vial is added 1 mL of tiie polymer solution dropwise witii stining. Six similar 
vials are assembled in a six position overhead stirrer, dissolution testing apparatus (Vanderkamp) and stin-ed at 200 
rpm. The tenrperature of the vials is increased from room temperature to 40^*0 over 15 min and held at 40*^0 for 2 hours. 
Vials are centrifuged at 500xg and the microspheres washed three times in water. At some EVA:PLA polymer blends, 
the mk;rosphere samples aggregated during the washing stage due to the removal of tfie dispersing or emulsifying 

so agent. PVA. This aggregation effect could be analyzed semi-quantitatively since aggregated microspheres fused and 
the fused polymer mass floated on the surface of the wash water. This surface polymer layer is discarded during the 
wash treatments and the remaining, pelleted miaospheres are weighed. The % aggregation is determined from 

% aaareaalion = 1-(weight of pelleted microspheres) x 100 
55 ^ aggregaiion - ^^^^^^^ ^^.^^ 



Taxol loaded microspheres (0.6% w/w taxol) are prepared by dissolving the taxol in the 6% w/v polymer solution in 
DCM. The polymer blend used is 50:50 EVA:PLA. A "large" size fraction and "small" size fraction of microspheres are 
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produced by adding the taxol/polymer solution dropwise into 2.5% w/v PVA and 5% w/v PVA, respectively. The disper- 
sions are stinred at 40''C at 200 rpm for 2 hours, centrlfuged and washed 3 times in water as described previously. 
Microspheres are air dried and samples are sized using an optical microscope with a stage micrometer. Over 300 
microspheres are counted per sample. Control microspheres (taxol absent) are prepared and sized as described pre- 
viously. 

B. Encapsulation eff idencv 

Known weights of taxol-loaded microspheres are dissolved in 1 mL DCM, 20 mL of 40% acetonltrile in water at 
SO'^C are added and vortexed until the DCM had been evaporated. The concentration of taxol in the 40% acetonitrile is 
determined by HPLC using a mobile phase of water :methanol:acetonitrile (37:5:58) at a flow rate of 1 mUrnin (Beckman 
isoaatic pump), a C8 reverse phase column (Beckman) and UV detection at 232 nm. To determine the recovery effi- 
ciency of this extraction procedure, known weights of taxol from 100-1000 ^g are dissolved in 1 mL of DCM and sub- 
jected to the same extraction procedure in triplicate as described previously. Recoveries are always greater than 85% 
and the values of encapsulation efficiency are corrected appropriately. 

C. Drug release studies 

In 15 mL glass, screw capped tubes are placed 10 mL of 10 mM phosphate buffered saline (PBS), pH 7.4 and 35 
mg taxol-loaded microspheres. The tubes are tumbled at 37<'C and at given time intervals, centrifuged at 1500xg for 5 
n^n and the supernatant saved for analysis. Microsphere pellets are resuspended in fresh PBS (lOmLj at 37'^C and 
reincubated. Taxol concentrations are determined by extraction into 1 mL DCM followed by evaporation to dryness 
under a stream of nitrogen, reconstitution in 1 mL of 40% acetonitrile in water and analysis using HPLC as previously 
desaibed. 

D. Scanning Electron Microscopy (SEM) 

Microspheres are placed on sample hokJers, sputter coated with gokf and micrographs obtained using a Philips 
501 B SEM operating at 15 kV. 

E. CAM Studies 

Fertilized, domestk; chick embryos are incubated for 4 days prior to shell-less culturing. The egg contents are incu- 
bated at 90% relative humidity and 3% CO2 for 2 days. On day 6 of incuttation. 1 mg aliquots of 0.6% taxol loaded or 
control (taxol free) microspheres are placed directly on the CAM surface. After a 2 day exposure the vasculature is 
examined using a stereomicroscope interfaced with a video camera: the video signals are then displayed on a computer 
and vkieo printed. 

F. Results 

Microspheres prepared from 100% EVA are freely suspended in solutions of PVA but aggregated and coalesced 
or fused extensively on subsequent washing in water to remove the PVA. Blending EVA with an increasing proportk)n 
of PLA produced miaospheres showing a decreased tendency to ag^egate and coalesce when washed in water, as 
described In Figure 1 5A. A 50:50 blend of EVA:PLA formed microspheres with good physical stability, that is the micro- 
spheres remained discrete and well suspended with negligible aggregation and coalescence. 

The size range for the "small" size fraction microspheres Is determined to be > 95% of the microsphere sample (by 
weight) between 10-30 jim and for the "large" size fraction. > 95% of the sample (by weight) between 30-100 fim. Rep- 
resentative scanning electron micrographs of taxol loaded 50:50 EVA:PLA nfv'crospheres in the "small" and "large" size 
ranges are shown in Figures 156 and 15C, respectively The miaospheres are spherical with a smooth surface and with 
no evidence of solid drug on the surface of the microspheres. The efficiency of loading 50:50 EVA:PLA miaospheres 
with taxol is between 95-100% at initial taxol concentrations of between 100-1000 mg taxol per 50 mg polymer. There 
is no significant difference (Student t-test, p <0.05) between the encapsulation efficiencies for either "small" or large" 
microspheres. 

The time course of taxol release from 0.6% w/v loaded 50:50 EVA:PLA miaospheres is shown in Figure 15D for 
"small" size (open circles) and "large" size (closed circles) microspheres. The release rate studies are carried out In trip- 
licate tubes in 3 separate experiments. The release profiles are bipbasic with an initial rapid release of taxol or "burst" 
phase oocunring over the first 4 days from both size range microspheres. This is followed by a phase of much slower 
release. There is no significant difference between the release rates from "small" or large" microspheres. Between 1 0- 
13% of the total taxol content of tfie microspheres is released in 50 days. 
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The taxol loaded microspheres (0.6% w/v loading) are tested using the CAM assay and the results are shown in 
Figure 15E. The taxol microspheres released sufficient drug to produce a zone of avascularity in the sun-ounding tissue 
(Figure 15F). Note that immediately adjacent to the microspheres ("MS" in Figures 15E and 16F) is an area in which 
blood vessels are completely absent (Zone 1); further from the microspheres is an area of disrupted, non-functioning 
5 capillaries (Zone 2); it is only at a distance of approximately 6 mm from the microspheres that the capillaries return to 
normal. In CAMs treated with control microspheres (taxol absent) there is a normal capillary network architecture. 

DiggMggipn 

TO Arterial chemoembolization is a invasive surgical technique. Therefore, ideally, a chemoembolic formulation of an 
anti-angiogenic and anticancer drug such as taxol would release the drug at the tumor site at concentrations sufficient 
for activity for a prolonged period of time, of the order of several months. EVA is a tissue compatible nondegradable pol- 
ymer which has been used extensively for the controlled delivery of macromolecules over long time periods (> 100 
days). 

15 EVA is initially selected as a polymeric biomaterial for preparing microspheres with taxol dispersed in the polymer 
matrix. However, microspheres prepared with 100% EVA aggregated and coalesced almost completely during the 
washing procedure. 

Polymers and copolymers based on lactic add and glycdic acid are physiologically inert and biocompatible and 
degrade by hydrolysis to toxicologically acceptable products. Copolymers of tactic add and glycolic acids have faster 
20 degradation rates than PLA and drug loaded microspheres ^epared using these copolymers are unsuitable for pro- 
longed, controlled release over several ninths. Dollinger and Sawan blended PLA with EVA and showed that the deg- 
radation lifetime of PLA is increased as the proportion of EVA in the blend is increased. They suggested that blends of 
EVA and PLA should provide a polymer matrix with better mechanical stability and control of drug release rates than 
PLA. 

25 F^ure 15A shows that increasing the proportion of PLA in a EVAPLA blend deaeased the extent of aggregation 
of the microsphere suspensions. Blends of 50% or less EVA in the EVAPLA matrix produced physically stable micro- 
sphere suspensions in water or PBS. A blend of 50:50 EVAPLA is selected for all subsequent studies. 

Different size range fractions of microspheres could be prepared by changing the concentration of the emulsifier. 
PVA, in the aqueous phase. "Small" microspheres are produced at the higher PVA concentration of 5% w/v whereas 

30 "large" microspheres are produced at 2.5% w/v PVA. All other production variables are the same for both microsphere 
size fractions. The higher concentration of emulsifier gave a more viscous aqueous dispersion medium and produced 
smaller droplets of polymer/taxol/DCM emulsified in the aqueous phase and thus smaller microspheres. The taxol 
loaded microspheres contained between 95-100% of the initial taxol added to the organic phase encapsulated within 
the solid microspheres. The low water solubility of taxol favoured partitioning into the organic phase containing the pd- 

35 ymer. 

Release rates of taxol from the 50:50 EVA:PLA microspheres are very slow with less than 1 5% of the loaded taxol 
being released in 50 days. The initial burst phase of drug release may be due to diffusion of drug from the superficial 
region of the microspheres (close to the microsphere surface). 

The mechanism of drug release from nondegradable polymeric matrices such as EVA is thought to involve the dif- 

40 fusion of water through the dispersed drug phase within the polymer, dissolution of the drug and diffusion of solute 
through a series of interconnecting, fluid filled pores. Blends of EVA arxf PLA have been shown to be immiscible or 
bicontinuous over a range of 30 to 70% EVA in PLA. In degradation studies in PBS buffer at 37**C, following an induction 
or lag period, PLA hydrolytically degraded and eroded from the EVA:PLA polymer Wend matrix leaving an inactive 
sponge-like skeleton. Although the inductbn period and rate of PLA degradation and erosion from the blended matrices 

45 deperded on the proportion of PLA in the matrix and on process Nstory, there is consistently little or no loss of PLA until 
after 40-50 days. 

Although some erosion of PLA from the 50:50 EVA:PLA microspheres may have occurred within the 50 days of the 
in vitro release rate study (Figure 15C), it is likely that the primary mechanism of drug release from the polymer blend 
is diffusion of solute through a pore network in the polymer matrix. 
so At the conclusion of the release rate study, the microspheres are analyzed from the amount of drug remaining. The 
values Ibr the percent of taxol remaining in the 50 day incubation microsphere samples are 94% 47- 9% and 89% -i- /- 
12% for "large" and "small" size fraction microspheres, respectively 

Microspheres loaded with 6mg per mg of polymer (0.6%) provided extensive inhibition of angiogenesis when 
placed on the CAM of the embryonic chick (Figures 15E and 15F). 

55 
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EXAMPLE 12 

TAXOL ENCAPSULATION IN POLY(E-CAPROLACTONE) MICROSPHERES. INHIBITION OF ANGiOGENESIS ON 
THE CAM ASSAY BY TAXOL-LOADED MICROSPHERES 

This example evaluates the in vitro release rate profile of taxol from biodegradable microspheres of poly(e-caprol- 
actone) and demonstrates the anti-angiogenic activity of taxol released from these microspheres when placed on the 

CAM, 

Reagents which were utilized In these experiments include: poly(e-caprolacton8) ("PCL") (n^lecular weight 35,000 
• 45,000; purchased from Polysciences (Wamngton, PA)); dichloromethane ("DCM") from Rsher Scientific Ca, Can- 
ada; polyvinyl alcohol (PVA) (molecular weight 12,00 - 18.000. 99% hydrolysed) from Aldrich Chemical Co. (Milwaukee. 
Wis.), and taxol from Sigma Chemical Co. (St. Louis, MO). Unless othenmse stated all chemicals and reagents are used 
as supplied. Distilled water is used throughout. 

A. Preparation of microspheres 

Miaospheres are prepared essentially as described in Example 8 utilizing the solvent evaporation method. Briefly 
5%w/w taxol loaded microspheres are prepared by dissolving 1 0 mg of taxol and 1 90 mg of PCL in 2 ml of DOM, adding 
to 100 ml of 1% PVP aqueous solution and stirring at 1000 rp.m. at 25^*0 for 2 hours. The suspension of miaospheres 
is centrifuged at 1000 x g for 10 minutes (BecKman GPR). the supernatant removed and the miaospheres washed 
three times with water. The washed microspheres are air-dried overnight and stored at room temperature. Control 
nr^crospheres (taxol absent) are prepared as descril>ed above. Microspheres containing 1% and 2% taxol are also pre- 
pared. Microspheres are sized using an optical microscope with a stage micrometer. 

B. Encapsulation efficiency 

A known weight of drug-loaded miaospheres (about 5 mg) is dissolved in 8 ml of acetonltrile and 2 ml distilled 
water is added to precipitate the polymer. The mixture is centrifuged at 1000 g for 10 minutes and the amount of taxol 
encapsulated is calculated from the absorbance of the supernatant measured in a UV spectrophotometer (Hewlett- 
Packard 8452A Diode An^ay Spectrophotometer) at 232 nm. 

C. DruQ release studies 

About 10 mg of taxol-loaded microspheres are suspended in 20 ml of 10 mM phosphate buffered saline, pH 7.4 
(PBS) in screw-capped tubes. The tubes are tumbled end-over-end at 37*'C and at given time intervals 19.5 ml of siper- 
natant is removed (after allowing the miaospheres to settle at the bottom), filtered through a 0.45 mm membrane filter 
and retained for taxol analysis. An equal volume of PBS is replaced in each tube to maintain sink conditions throughout 
the study The filtrates are extracted with 3 x 1 ml DCM, the DCM extracts evaporated to dryness under a stream of 
nitrogen, redissolved In 1 ml acetonitrile and analyzed by HPLC using a mobile phase of water:methanol:acetonltrile 
(37:5:58) at a fk)w rate of 1ml min'^ (Beckman Isocratic Pump), a C8 reverse phase column (Beckman), and UV detec- 
tion (Shimadzu SPD A) at 232 nm. 

D. CAM studies 

Fertilized, domestic chick embryos are incubated for 4 days prior to shell-less culturing. On day 6 of incubation. 1 
mg aliquots of 5% taxol-loaded or control (taxol-free) miaospheres are placed directly on the CAM surface. After a 2- 
day exposure the vasculature is examined using a stereomicroscope interfaced with a vkleo camera; the video signals 
are then displayed on a computer and video printed. 

E. Scanning electron microscopy 

Miaospheres are placed on sample holders, sputter-coated with gold and then placed in a Philips 501 B Scanning 
Electron Mlaoscope operating at 15 kV. 

F. Results 

The size range for the microsphere samples is between 30-100 mm, although there is evidence in all taxoNoaded 
or control miaosphere batches of some microspheres falling outside this ranga The efficiency of loading PCL micro- 
spheres with taxol is always greater than 95% for all drug loacfings studied. Scanning electron microscopy demon- 
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strated that the microspheres are alt spherical and many showed a rough or pitied surface morphology. There appeared 
to be no evidence of solid drug on the surface of the microspheres. 

The time courses of taxol release from 1%, 2% and 5% loaded PCL microspheres are shown in Figure ISA. The 
release rate profiles are biphasic. There is an initial rapid release of taxol or "burst phase" at all drug loadings. The burst 
phase occurred over 1-2 days at 1% and 2% taxol loading and over 3-4 days for 5% loaded microspheres. The initial 
phase of rapid release is followed by a phase of significantly slower drug release. For microspheres containing 1% or 
2% taxol there is no further drug release after 21 days. At 5% taxol loading, the microspheres had released about 20% 
of the total drug content after 21 days. 

Rgure 16B shows CAMs treated with control PCL microspheres, and Rgure 16C shows treatment with 5% taxol 
loaded microspheres. The CAM with the control microspheres shows a normal capillary network architecture. The CAM 
treated with taxol-PCL microspheres shows marked vascular regression and zones which are devoid of a capillary net- 
work. 

G. Discussion 

The solvent evaporation method of manufacturing taxol-loaded microspheres produced very high taxol encapsula- 
tion efficiencies of between 95-100%. This Is due to the poor water solubility of taxol and its hydrophobic nature favour- 
ing partitioning in the organic solvent phase containing the polymer. 

The biphasic release profile for taxol is typical of the release pattern for many drugs from biodegradable polymer 
matrices. Poly(e-capiiolactone) Is an alphatic polyester which can be degraded by hydrolysis under physiological con- 
ditions and it is non-toxic and tissue compatible. The degradation of PCL is significantly slower than that of the exten- 
sively Investigated polymers and copolymers of lactic and glycolic acids and is therefore suitable for the design of long- 
term drug delivery systems. The initial rapid or burst phase of taxol release is thought to be due to diffusional release 
of the drug from the superficial region of the microspheres (dose to the n^crosphere surface). Release of taxol in the 
second (slower) phase of the release profiles is not likely due to degradation or erosion of PCL because studies have 
shown that under in vitro conditions in water there Is no significant weight loss or surface erosion of PCL over a 7.5- 
week period. The slower phase of taxol release is probably due to dissolution of the drug within fluid-filled pores in the 
polymer matrix and diffusion through the pores. The greater release rate at higher taxol loading Is probably a result of 
a more extensive pore network within the polymer matrix. 

Taxol microspheres wrth 5% loading have been shown to release sufficient drug to produce extensive inhibition of 
angiogenesis when placed on the CAM. The inhibition of blood vessel growth resulted In an avascular zone as shown 
in Rgure 16C. 

EXAMPLE 13 

TAXOL-LOADED POLYMERIC FILMS COMPOSED OF ETHYLENE VINYL ACETATE AND A SURFACTANT 

Two types of films are prepared esentially as described in Example 10: pure EVA films loaded with taxol and 
EVA/suriactant blend films {i.e. . Pluronic F127. Span 80 and Pluronic L101) loaded with taxol. 

The surfactants being examined are two hydrophobic surfactants (Span 80 and Pluronic L101) and one hydrophilic 
surfactant (Pluronic F127). The pluronic surfactants are themselves polymers, which is an attractive property since they 
can be blended with EVA to optimize various drug delivery properties. Span 80 Is a smaller molecule which Is In some 
manner dispersed in the polymer matrix, and does not form a blend. 

Surfactants will be useful In modulating the release rates of taxol from f Urns and optimizing certain physical param- 
eters of the films. One aspect of the surfactant blend films which indicates that drug release rates can be controlled is 
the ability to vary the rate and extent to which the compound will swell in water. Diffusion of water into a polymer-drug 
matrix is critical to the release of drug from the carrier. Figures 17C and 17D show the degree of swelling of the. films 
as the level of surfactant in the blend is altered. Pure EVA films do not swell to any significant extent in over 2 months. 
However, by increasing the level of surfactant added to the EVA it Is possible to increase the degree of swelling erf the 
compound, and by Inaeasing hydrophllicity swelling can also be increased. 

Results of experiments with these films are shown below in Figures 1 7A-E. Briefly. Figure 1 7A shows taxol release 
(in mg) over time from pure EVA films. Figure 1 7B shows the percentage of drug remaining for the same films. As can 
be seen from these two figures, as taxol loading Increases (i.e., percentage of taxol by weight Is increased), drug 
release rates Increase, showing the expected concentration dependence. As taxol loading Is increased, the percent 
taxol remaining in the film also increases, indicating that higher loading may be more attractive for long-term release 
formulations. 

Physical strength and elasticity of the films Is assessed in Figure 17E. Briefly. Rgure 17E shows stress/strain 
cun/es for pure EVA and EVA-Suriactant blend films. This crude measurement of stress demonstrates that the elasticity 
of films Is Increased with the addition of Pluronic F127. and that the tensile strength (stress on breaking) is increased 
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in a concentration dependant manner with the addition of Pluronic F127. Elasticity and strength are inportant consid- 
erations in designing a film which can be manipulated for particular clinical applications without causing permanent 
deformation of the compound. 

Tlie above data demonstrates the ability of certain surfactant additives to control drug release rates and to alter the 
5 physical characteristics of the vehicle. 

EXAMPI-^14 

INCORPORATING METHOXYPOLYETHYLENE GLYCOL 350 (MePEG) INTO POLY(E-CAPROLACTONE) TO 
10 DEVELOP A FORMULATION FOR THE CONTROLLED DELIVERY OF TAXOL FROM A PASTE 

Reagents and equipment which were utilized within these experiments include methoxypolyethylene glycol 350 
(-MePEG* - Union Carbide. Danbury. CT). MePEG is liquid at room temperature, and has a freezing point of 10* to -5*C. 

IS A. Preparation of a MePEG/PCL taxol-containinQ paste 

MePEG/PCL paste is prepared by first dissolving a quantity of taxol into MePEG, and then incorporating this into 
melted PCL One advantage with this method Is that no DCM is required. 

20 B. Analysis of meltino point 

The melting point of PCL/MePEG polymer blends may be determined by differential scanning catorimetry from 
30**C to 70<*C at a heating rate of a.S^'C per irnnute. Results of this experiment are shown in Rgures 18A and 18B. 
Briefly, as shown in Figure 1 8A the melting point of the polymer Wend (as determined by thermal analysis) is decreased 
25 by MePEG In a concentration dependent manner. The melting point of the polymer blends as a function of MePEG con- 
centration is shown In Figure 1 8A. This lower melting point also translates into an increased time for the polymer blends 
to solidify from melt as shown in Figure 18B. A 30:70 blend of MePEGiPCL takes more than twice as long to solidify 
from the fluid melt than does PCL alone. 

30 C. Measurement Of brittleness 

Incorporation of MePEG into PCL appears to produce a less brittle solid, as compared to PCL alone. As a ''rough'* 
way of quantitating this, a weighted needle is drop|3ed from an equal height into polymer blends containing from 0% to 
30% MePEG in PCL, and the distance that the needle penetrates into the solid is then measured. The resulting graph 
35 is shown as Figure 1 8C. Points are given as the average of four measurements + A 1 S.D. 

For purposes of comparison, a sample of paraffin wax is also tested and the needle penetrated into this a distance 
of 7.25 mm + /- 0.3 mm. 

D. Measurement of taxol release 

40 

Pellets of polymer (PCL containing 0%, 5%. 10% or 20% MePEG) are incubated in phosphate buffered saline 
(PBS, pH 7.4) at 37^C. and % change in polymer weight is measured over time. As can be seen in Figure 18D, the 
amount of weight lost increases with the concentration of MePEG originally present in the blend. It is likely that this 
weight loss is due to the release of MePEG from the polymer matrix into the Incubating fluid. This would indicate that 
45 taxol will readily be released from a MePEG/PCL blend since taxol is first dissolved in MePEG before incorporation into 
PCL 

E. Effect of varying quantities of MeP EG on taxol release 

50 Thermopastes are made up containing between 0.8% and 20% MePEG in PCL These are loaded with 1% taxol. 
The release of taxd over time from 10 mg pellets in PBS buffer at 37*0 is nx)nitored using HPLC. As is shown in Figure 
18E, the amount of MePEG in the formulation does not affect the amount of taxol that is released. 

F Effect of varvina quantities of taxd on the total amount of taxol released from a 20% MePEG /PCL blend 

55 

Thennopastes are made up containing 20% MePEG in PCL and loaded with between 0.2% and 10% taxol. The 
release of taxol over time is measured as described above. /\s shown In Figure 18F. the amount of taxol released over 
time increases with increased taxol loading. When plotted as the percent total taxol released, however, the order is 
reversed (Figure 18G). This gives infbrmation about the residual taxol remaining in the paste and. if assumptions are 
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made about the validity of extrapolating this data, allows for a projection of the period of time over which taxol will be 
released from the 20% MePEG Thermopaste. 

G. Strength analysis of various MePEG/PCL blends 

A CT-40 mechanical strength tester is used to measure the strength of solid polymer "tablets" of diameter 0.88 cm 
and an average thickness of 0.560 cm. The polymer tablets are blends of MePEG at concentrations of 0%. 5%, 10% or 
20% in PCL. 

Results of this test are shown in Figure 18H. where both the tensile strength and the time to failure are plotted as 
a function of %MePEG in the blend. Single variable ANOVA indicated that the tablet thicknesses within each group are 
not different. As can be seen from Figure 18H, the addition of MePEG into PCL decreased the hardness of the resulting 
solid 

gXAMPI^I? 

EFFECT OF TAXOL-LOADED THERMOPASTE ON ANGIOGENESIS IN VIVO 

Fertilized, domestic chick enft)ryos were incubated for 4 days prk>r to shell-less culturing as described in Example 
2. The egg contents are removed from tiie shell and emptied into round-bottom sterilized glass bowls and covered witii 
petri dish covers. 

Taxol is incorporated into thei-mopaste at concentrations of 5%. 10%, and 20% (w/v) essentially as described 
above (see Example 10), and used in tiie following experiments. Dried cut thermopaste is ttien heated to 60^*0 and 
pressed between two sheets of paraf ilm. flattening It, and allowing it to cool. Six embryos received 20% taxol-loaded 
thermopaste and 6 embryos received unloaded thermopaste prepared in this manner. One embryo died In each group 
leaving 5 embryos in each of the control and treated groups. 

Unloaded thermopaste and tiiermopaste containing 20% taxol was also heated to 60'G and placed directiy on tiie 
growing edge of each CAM at day 6 of incubation: two embryos each were treated in this manner. 

There was no observable difference in the results obtained using tiie different methods of administration, indicating 
that the terrperature of tiie paste at the time of application was not a factor in the outcome. 

Thermopaste with 1 0% taxol was applied to 1 1 CAMs and unloaded thermopaste was applied to an additional 1 1 
CAMs, while 5% taxol-loaded tiiermopaste was applied to 10 CAMs and unloaded thermopaste was applied to 10 otiier 
control CAMs. After a 2 day exposure (day 8 of incubation) tiie vasculature was examined with the aid of a stereomicro- 
scope. Liposyn II, a white opaque solution, was injected into tiie CAM to increase tiie visibility of tiie vascular details. 

In the embryos treated with 5% taxol-loaded paste, only 2 animals demonstrated maximum Inhibition of angiogen- 
esis. while the remaining 8 were only marginally affected. Of the animals treated witti 10% taxol-loaded tiiermopaste 
only 2 showed maximal inhibition while the other 9 were only marginally affected. 

The 20% taxol-loaded tiiermopaste showed extensive areas of avascularity (see Figure 19B) in ail 5 of tiie CAMs 
receiving this treatment. The highest degree of inhibition was defined as a region of avascularity covering 6 mm by 6 
mm in size. All of the CAMs treated with 20% taxol-loaded thermopaste displayed this degree of angiogenesis inhibi- 
tion. 

By comparison, the control (unloaded) thermopaste did not inhibit angiogenesis on the CAM (see Figure 1 9A) ; tiiis 
higher magnification view (note tiiat the edge of the paste is seen at the top of tiie image) demonstrates tiiat the vessels 
adjacent to the paste are unaffected by the thermopaste. This suggests that the effect observed is due to tiie sustained 
release of taxol and is not due to the polymer itself or due to a secondary pressure effect of tiie paste on the developing 
vasculature. 

This study demonstrates that thermopaste releases sufficient quantities of angiogenesis inhibitor (in tills case 
taxol) to inhibit the normal development of the CAM vasculature. 

EXAMP)^ ie 

EFFECT OF TAXOL-LOADED THERMOPASTE ON TUMOR GROWTH AND TUMOR ANGIOGENESIS IN VIVO 

Fertilized domestic chick embryos are Incubated for 3 days prior to having their shells removed. The egg contents 
are emptied by removing the shell located around ttie airspace, severing the interior shell membrane, perforating the 
opposite end of tiie shell and allowing tiie egg contents to gently slide out from the blunted end. The contents are emp- 
tied into round-bottom sterilized glass bowls, covered with petri dish covers and incubated at 90% relative humidity and 
3% carbon dioxide (see Example 2). 

MDAY-D2 cells (a murine lymphoid tumor) are injected into mice and allowed to grow into tumors weighing 0.5-1 .0 
g. The mice are sacrificed, the tumor sites wiped with alcohol, excised, placed in sterile tissue culture media, and diced 
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into 1 mm pieces under a laminar flow hood. Prior to placing the dissected tumors onto the 9-day old chick embryos. 
CAM surfaces are gently scraped with a 30 gauge needle to insure tumor implantation. The tumors are then placed on 
the CAMs after 8 days of incubation (4 days after deshelling). and allowed to grow on the CAM for four days to establish 
a vascular supply. Four embryos are prepared utilizing this method, each embryo receiving 3 tumors. For these 

5 embryos, one tunx)r receives 20% taxol-loaded thermopaste. the second tumor unloaded thermopaste, and the third 
tumor no treatment. The treatments are continued for two days before the results were recorded. 

The explanted MDAY-D2 tumors secrete angiogenic factors which induce the ingrowth of capillaries (derived from 
the CAM) into the tumor mass and allow it to continue to grow in size. Since all the vessels of the tumor are derived from 
the CAM, while all the tumor cells are derived from the explant. It is possible to assess the effect of therapeutic inter- 

10 ventions on these two processes independently. This assay has been used to determine the effectiveness of taxol- 
loaded thermopaste on: (a) inhibiting the vascularization of the tumor and (b) Inhibiting the growth of the tumor cells 
themselves 

Direct in vivo stereomiaoscopic evaluation and histological examination of fixed tissues from this study demon- 
strated the following. In the tumors treated with 20% taxol-loaded thermopaste, there was a reduction in the nunt)er of 

15 the blood vessels which supplied the tumor (see Figures 20C and 20D). a reduction in the number of blood vessels 
within the tumor, and a reduction in the number of blood vessels in the periphery of the tumor (the area which is typically 
the most highly vascularized in a solid tumor) when conrpared to control tumors. The tumors began to decrease in size 
and mass during the two days the study was conducted. Additionally, numerous endothelial cells were seen to be 
arrested in cell division indicating that endothelial cell proliferation had been affected. Tumor cells were also frequently 

20 seen arrested in mitosis. Alt 4 embryos showed a consistent pattern with the 20% taxol-loaded thermopaste suppress- 
ing tumor vascularity while the unloaded thermopaste had no effect 

By comparison, in CAMs treated with unloaded thermopaste. the tumors were well vascularized with an increase 
in the number and density of vessels when compared to that of the normal sunroundtng tissue, and dramatically more 
vessels than were observed in the tumors treated with taxoHoaded paste. The newly formed vessels ^tered the tumor 

25 from all angles appearing like spokes attached to the center of a wheel (see Figures 20A and 20B). The control tumors 
continued to increase in size and mass during the course of the study. Histologically, numerous dilated thin-wailed cap- 
illaries were seen in the periphery of the tunrtor and few endothelial were seen to be in cell division. The tumor tissue 
was weil vascularized and viable throughout 

As an example, in two similarly-sized (initialty, at the time of explanation) tumors placed on the same CAM the fol- 

30 lowing data was obtained. For the tumor treated with 20% taxol-loaded thermopaste the tumor measured 330 mm x 597 
mm; the immediate periphery of the tumor has 14 blood vessels, white the tumor mass has only 3-4 small capillaries. 
For the tumor treated with unloaded thermopaste the tumor size was 623 mm x 678 mm; the immediate periphery of 
the tumor has 54 blood vessels, while the tunror mass has 12-14 smalt blood vessels. In addition, the surrounding CAM 
itself contained many more blood vessels as compared to the area sunrounding the taxol-treated tumor. 

35 This study demonstrates that thernx)paste releases sufficient quantities of angiogenesis inhibitor (in this case 
taxol) to inhibit the pathological angiogenesis which accompanies tumor growth and development. Under these condi- 
tions angiogenesis is maximally stimulated by the tumor cells which produce angiogenic factors capat)le of inducing the 
ingrowth of capillaries from the sunrounding tissue into the tumor mass. The 20% taxol-loaded thermopaste is capable 
of blocking this process and limiting the ability of the tumor tissue to maintain an adequate blood supply. This results in 

40 a decrease in the tumor mass both through a cytotoxic effect of the drug on the tumor ceils themselves and by depriving 
the tissue of tiie nutrients required for growth and expansion. 

EXAMPLE 17 

45 EFFECT OF ANGIOGENESIS INHIBITOR-LOADED THERMOPASTE ON TUMOR GROWTH IN VIVO IN A MURINE 
TUMOR MODEL 

The murine MDAY-D2 tumor model may be used to examine the effect of local sfow release of tiie chenfK)therapeu- 
tic and anti-angiogenic compounds such as taxol on tumor growth, tumor metastasis, and animal survival. The MDAY- 

50 02 tumor celt line is grown in a cell suspension consisting of 5% Fetal Calf Serum in alpha mem media. The cells are 
incubated at 37''C in a humidified atmosphere supplemented with 5% cart>on dioxkie, and are diluted by a factor of 15 
every 3 days until a sufficient number of cells are obtained. Following the incubation period tiie cells are examined by 
light miaoscopy for viability and then are centrifuged at 1 500 rpm for 5 minutes. PBS is added to the cells to achieve a 
dilution of 1,000,000 cells per ml. 

55 Ten week old DBA/2j female mice are acclimatized for 3-4 days after arrival. Each mouse is tiien injected subcuta- 
neously in the posteriolateral flank with 100,000 MDAY-D2 cells in 100 ml of PBS. Previous studies have shown that tiiis 
procedure produces a visible tumor at tiie injection site in 3-4 days, reach a size of 1.0-1 .7g by 14 days, and produces 
visible metastases in tiie liver 19-25 days post-injection. Depending upon the objective of the study a therapeutic inter- 
vention can be instituted at any point in the progression of the disease. 
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Using the above animal model, 20 mice are injected with 140.000 MDAY-D2 cells s.c. and the tumors allowed to 
grew. On day 5 the mice are divided into groups of 5. The tumor site was surgically opened under anesthesia, the local 
region treated with the drug-loaded thermopaste or control thermopaste without disturbing the existing tumor tissue, 
and the wound was closed. The groups of 5 received either no treatment (wound merely closed), polymer (PCL) alone, 
5 10% taxol-loaded thermopaste. or 20% taxol-Ioaded thermopaste (only 4 animals injected) implanted adjacent to the 
tumor site. On day 16, the mice were saaificed. the tumors were dissected and examined (grossly and histologically) 
for tumor growth, tumor metastasis, local and systemic toxicity resulting from the treatment, effect on wound healing, 
effect on tumor vascularity, and condition of the paste remaining at the incisbn site. 

The weights of the tumors for each animal is shown in the table below: 



Table IV 



15 



25 



Tumor Weights (gm) 


Animal No. 


Control (empty) 


Control (PCL) 


10% Taxol Thermo- 
paste 


20% Taxol Thermo- 
paste 


1 


1.387 


1.137 


0.487 


0.114 


2 


0.589 


0.763 


0.589 


0.192 


3 


0.461 


0.525 


0.447 


0.071 


4 


0.606 


0.282 


0.274 


0.042 


5 


0.353 


0.277 


0.362 




Mean 


0.6808 


0.6040 


0.4318 


0.1048 


Std. Deviation 


0.4078 


0.3761 


0.1202 


0.0653 


P Value 




0.7647 


0.358 


0.036 



30 Thermopaste loaded with 20% taxol reduced tumor growth by over 85% (average weight 0. 1 05) as compared to control 
animals (average weight 0.681 ). Animals treated with thermopaste alone or thermopaste containing 1 0% taxol had only 
modest effects on tumor growth; tumor weights were reduced by only 10% and 35% respectively (Figure 21 A). There- 
fore, thermopaste containing 20% taxol was more effective in reducing tumor growth than thermopaste containing 10% 
taxol (see Figure 21 C; see also Figure 21 B). 

35 Thernfiopaste was detected in some of the animals at the site of administration. Polymer varying in weight between 
0.026 g to 0.078 g was detected in 8 of 15 mice. Every animal in the group containing 20% taxol-ioaded thermopaste 
contained some residual polymer suggesting that it was less susceptible to dissolution. Histologically the tumors 
treated with taxol-loaded thermopaste contained lower cellularity and more tissue necrosis than control tumors. The 
vasculature was reduced and endothelial cells were frequently seen to be an^ested in celt division. The taxd-loaded 

40 thermopaste did not appear to affect the integrity or cellularity of the skin or tissues surrounding the tumor. Grossly. ^ 
wound healing was unaffected. 

EXAMPLE 18 

45 THE USE OF ANGIOGENSIS-INHIBITOR LOADED SURGICAL FILMS IN THE PREVENTION OF IATROGENIC 
METASTATIC SEEDING OF TUMOR CELLS DURING CANCER RESECTION SURGERY 

As a sterile, pliable, stretchable drug-polymer compound would t>e useful during cancer resection procedures. 
Often it is desirable to isolate the normal surrounding tissues from malignant tissue during resection operations to pre- 
50 vent iatrogenic spread of the disease to adjacent organs through Inadvertent contamination by cancer cells. A drug- 
loaded paraf ilm could be stretched across normal tissues prior to manipulation of the tumor. This would be most useful 
if placed around the liver and other abdominal contents during bowel cancer resection surgery to prevent intraperitoneal 
spread of the disease to the liver. A biodegradable film could be left in situ to provide continued protection. 

Incision sites are also a common location of post-operative recurrence of malignancy This is thought to be due to 
55 contamination of the wound site with tumor cells during the surgical procedure. To address these issues, experiments 
are being conducted to determine the ability of angiogenesis Inhibitor-loaded films to prevent this phenomenon. 
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A. Matyiai$ancl Methg^j^ 

Preparation of Surgical l^lm. Surgical films are prepared as described in Example 10. Thin films measuring approxi- 
mately 1 cm X 1 cm are prepared containing either polymer alone (PCL) or PCL loaded with 5%taxol. 
Rat Hepatic Tumor Model. In an initial study Wistar rats weighing approximately 300 g undenwent genera) anesthesia 
and a 3-5 cm abdominal incision is made along the midline. In the largest hepatic lobe, a 1 cm incision is made in the 
hepatic parenchyma and part of the liver edge is resected. A concentration of 1 million live 9L Glioma tumor ceils (eluted 
from tissue culture immediately prior to the procedure) suspended in 100 ml of phosphate buffered saline are deposited 
onto the cut liver edge with a 30 gauge needle. The surgical is then placed ever the cut liver edge containing the tumor 
cells and affixed in place with Gelfbam. Two animals received PCL films containing 5% taxol and two animals received 
films containing PCL alone. The abdominal wall Is closed with 3.0 Dexon and skin clips. The general anesthetic is ter- 
minated and the animal is allowed to recover. Ten days later the animals are sacrificed and the livers examined histo- 
logically 

B. Results 

Local tumour growth is seen in the 2 livers treated with polymer alone. Both livers treated with polymer plus taxol 
are completely free of tumour when examined histologically Also of importance, the liver capsule had regenerated and 
grown completely over the polymeric film and the cut surface of the liver indicating that there is no significant effect on 
wound healing. There is no evidence of local hepatic toxicity surrounding any (drug-loaded or drug-free) of the surgical 
films. 

C. Discussion 

This study Indicates that surgical films placed around normal tissues and Incision sites during surgery may be 
capable of decreasing the incidence of accidental implantation of tumor cells into normal surrounding tissue during 
resection of malignant tumors. This may help reduce the incidence of the significant problem of post-operative local 
recurrence of the disease. 

EXAMPLE 19 

INTRA-ARTICULAR INJECTION OF ANGIOGENESIS-INHIBITOR-LOADED BIODEGRADABLE MICROSPHERES 
IN THE TREATMENT OF ARTHRITIS 

Articular damage in arthritis is due to a combination of inflammation (including WBCs and WBC products) and pan- 
nus tissue development (a tissue composed on neovascular tissue, connective tissue, and inflammatory cells). Taxol 
has been chosen for the initial studies because it is a potent inhibitor of neovascularization. In this manner, taxol in high 
local concentrations will prove to be a disease modifying agent in arthritis. 

In order to determine whether microspheres have a deleterious effect on joints, tiie following experiments are con- 
ducted. Briefly, plain PCL and taxol-loaded miaospheres are prepared as described previously in Example 8. 

Three rabbits are injected intra-articulariy with 0.5-5.0 fim. 10-30 ^m, or 30-80 ]im miaospheres in a total volume 
of 0.2 mis (containing 0.5 mg of microspheres). The joints are assessed visually (clinically) on a daily basis. After two 
weeks the animals are sacrifk^ed and tiie joints examined histologically for evkience of inflammation and depletion of 
proteoglycans. 

The rabbit inflammatory arthritis and osteoartinrltis models are being used to evaluate the use of microspheres In 
reducing synovitis and cartilage degradation. Degenerative artiirltis is induced by a partial tear of tiie auciate ligament 
and meniscus of tiie knee. After 4 to 6 weeks, the rabbits develop erosions in the cartilage similar to tiiat observed in 
human osteoartiiritis. Inflammatory artiiritis is Indjced by immunizing rabbits witti bovine serum albumen (BSA) in 
Complete Freund's Adjuvent (CPA). After 3 weeks, rabbits containing a high titer of anti-BSA antibody receive an intra- 
articular injection of BSA (5 mg). Joint swelling and pronounced synovitis is apparent by seven days, a proteoglycan 
depletion is observed by 7 to 1 4 days, and cartilage erosions are observed by 4 to 6 weeks. 

Inflammatory artiiritis is induced as described above. After 4 days, ttie joints are injected witii microspheres con- 
taining 5% taxol or vehicle. One group of animals will be sacrificed on day 14 and another on day 28. The joints are 
examined histologically for inflammation and cartilage degradation. The experiment is designed to determine if taxol 
microspheres can affect joint Inflammation and cartilage matrix degradation. 

Angiogenesis-inhibitor microspheres may be furtiier examined in an osteoarthritis model. Briefly, degenerative 
arthritis Is induced in rabbits as desaibed above, and the joints receive an intra-articular injection of microspheres (5% 
taxol or vehicle only) on day 4. The animals are sacrificed on day 21 and day 42 and the joints examined histologically 
for evkJence of cartilage degradation. 
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Studies are conducted to assess angtogenesis inhibitors delivered via intra-articular miaospheres as chondropro- 
tectlve agents. 

Results 

Unloaded PCL microspheres of differing sizes (0.5-5.0 fim. 10-30 ^im, or 30-80 ^m) were injected intra-articularly 
into the rabbit Knee joint. Results of these experiments are shown in Figures 22A to D. Briefly, Rgure 22A is a photo- 
graph of synovium from PBS injected joints. Rgure 22B is a photograph of joints injected with miaospheres. Rgure 22C 
is a photograph of cartilage from joints injected with PBS. and Rgure 22D is a photograph of cartilage from joints 
injected with microspheres. 

As can be seen from these photographs, histologically, there is no difference between joints receiving a micro- 
sphere injection and those which did not. Clinically, there was no evidence of joint inflammation during the 14 days the 
experiment was conducted. Grossly, there is no evidence of joint inflammation or cartilage damage in joints where 
microspheres are injected, as compared to untreated normal joints. 

Condusions 

Miaospheres can be injected intra-articularty without causing any discernible changes to the joint sur^ce. This 
indicates that this method may be an effective means of delivering a targeted, sustained-release of disease-modifying 
agents to diseased joints, while minimizing the toxicity which could be associated with the systemic administration of 
such biologically active compounds. 

As discussed above, miaospheres can be famulated into specific sizes with defined drug release kinetics. It has 
also been demonstrated that taxd is a potent inhibitor of angiogenesis and that it Is released from miaospheres in 
quantities sufficient to block neovascularization on the CAM assay. Therefore, intra-articular administration of angiogen- 
ests-inhibitor-toaded {e.g., taxol-loaded) microspheres should be capable of blocking the neovascularization that 
occurs in diseases such as rheumatoid arthritis and leads to cartilage destruction in the joint. In this manner the drug- 
loaded microspheres can act as a "chondroprotective'* agent which protects the cartilage from irreversible destruction 
from invading neovascular pannus tissue. 
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Claims 

1 . A stent for expanding the lumen of a body passageway, comprising a generally tubular structure coated with a com- 
position comprising an anti-angiogenic factor and a polymeric carrier. 

2. A stent according to claim 1 wherein said anti-angiogenic factor is a chemotherapeutic agent. 

3. A stent according to claim 1 wherein said anti-angiogenic factor is selected from the group consisting of estramus- 
tine and methotrexate. 

4. A stent according to claim 1 wherein said anti-angiogenic factor Is taxoi, or an analogue or derivative thereof. 

5. A stent according to any one of claims 1 to 4 wherein said polymeric earner comprises poly (caprolactone). 
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6. A stent according to any one of claims 1 to 4 wherein said polymeric carrier comprises poly (lactic acid). 

7. A stent according to any one of claims 1 to 4 wherein said polymeric carrier comprises poly (ethylene-vinyl acetate). 

5 8. A stent according to any one of claims 1 to 4 wherein said polymeric earner comprises a copolymer of poly capro- 
lactone and poly lactic acid. 

9. A stent according to any one of claims 1 to 8 wherein said stent is a vascular stent. 

10 1 0. A stent according to any one of Claims 1 to 8 wherein said stent is a biliary stent 

1 1 . A stent according to any one of Claims 1 to 8 wherein said stent is a urethral stent. 

12. A stent according to any one of Claims 1 to 8 wherein said stent is a esophageal stent 

15 

1 3. A stent according to any one of Claims 1 to 8 wherein said stent is a tracheal/bronchial stent. 

14. A stent according to any one of Claims 1 to 8 for treating narrowing of a Ixxly passageway. 

20 1 5. A stent according to Claim 1 4 for treating or preventing recurrent stenosis. 

16. Use of a composition comprising an anti-angiogenic factor for the manufacture of a medicament for treating arthri- 
tis. 

25 17. Use according to Claim 16 wherein said anti-angiogenic factor is taxoi. or an analogue or derivative thereof. 

18. Use according to Claims 16 or 1 7 wherein said anti-angiogenic factor further comprises a polymeric carrier. 

1 9. Use according to Claim 18 wherein said polymeric carrier comprises poly (caprolactone). 

30 

20. Use according to claim 18 wherein said Polymeric canrier comprises poly (lactic add). 

21 . Use acconjing to claim 1 8 wherein said polymeric carrier comprises poly (ethylene-vinyl acetate). 
35 22. Use according to claim 1 8 wherein said polymeric canler comprises poly (lactic-co-^lycolic) acid. 

* 23. Use according to any one of claims 16-23 wherein said arthritis is inflammatory arthritis. 

24. Use according to any one of claims 16-23 wherein said arthritis is treated by intra-articular administration of said 
40 medicament. 

25. Use of a composition comprising an anti-angiogenic factor and a polymeric canier for coating a stent according to 
anyone of claims 1-15. 

45 26. Use of taxoi, or an analogue or derivative thereof, for the manufacture of a medicament fbr anti-angiogenesis. 

27. Use according to Claim 26 wherein said medicament is for treating psoriasis. 

28. Use according to Claim 26 wherein said medicament is fbr treating vascular adhesions. 

50 

29. A stent according to any one of Claims 1 to 4 wherein said polymeric earner comprises gelatin. 
PatentansprQctie 

55 1 . EIne Endoprothese zum Enweiten des Lumens eines KOrperdurchganges. welche eine im allgemeinen rOhrenfdr- 
mige Staruktur unrfaBt, die mit einer Zusammensetzung beschichtet ist, die einen anti-angiogenen Faktor und einen 
polymeren Trdger umfaBt 

2. Eine Endoprothese nach Anspruch 1 , wobei der anti-angiogene Faktor ein chemotherapeutisches Agens ist 
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3. EIne Endoprothese nach Anspruch 1, wobei der anti-angiogene Faktor ausgewfthlt 1st aus der Gruppe. die aus 
Estramustin und Methotrexat besteht. 

4. Eine Endoprothese nach Anspruch 1. wobei der anti-angiogene Faktor Taxol 1st. Oder ein Analog Oder Derivat 
davon. 

5. Eine Endoprothese nach einem der Anspruche 1 bis 4, wobei der polymere TrSger Poly-(Caprolacton) umfaW. 

6. Eine Endoprothese nach einem der AnsprQche 1 bis 4. wobei der polymere Trdger Poly-(Milchsdure) umfaOt. 

7. Eine Endoprothese nach einem der AnsprQche 1 bis 4. wobei der polymere Trager Poly-(Ethylen-Vinylacetat) 
umladt. 

8. Eine Endoprothese nach einem der AnsprQche 1 bis 4. wobei der polymere Trdger ein Copolymer von Polycapro- 
lacton und Polymilchsaure umfa(5t 

9. Eine Endoprothese nach einem der Anspruche 1 bis 8, wobei die Endoprothese eine Vaskularendoprothese ist. 

10. 6ne Endoprothese nach einem der AnsprQche 1 bis 8. wobei die Endoprothese eine Gallenendoprothese ist. 

11. Eine Endoprothese nach einem der AnsprQche 1 bis 8, wobei die Endoprothese eine HarnrOhrenendoprothese ist. 

12. Eine Endoprothese nach einem der Anspruche 1 bis 8, wdbsi die Endoprothes eine Osophagusendoprothese ist. 

13. Eine Endoprothese nach einem der Anspruche 1 bis 8. wobei die Endoprothese eine TrachialVBronchialendopro- 
these ist. 

14. Eine Endoprothese nach einem der. Anspruche 1 bis 8 zum Behandein des Verengungsvorganges eines KOrper- 
. durchgangs. 

15. Eine Endoprothese nach Anspruch 14 zum Behandein Oder Verhindern rezklivierender Stenose. 

16. Venwendung einer Zusammensetzung. die einen anti-angiogenen Faktor umfaDt fur die Herstellung eines Medika- 
ments zum Behandein von Arthritis. 

17. Verwendung nach Anspruch 16. wobei der anti-angiogene Faktor Taxol ist oder ein Analog Oder Derivat davon. 

18. Venwendung nach den AnsprQchen 16 Oder 17, wobei der anti-angiogene Faktor weiter einen potymeren Trager 
umfaBt. 

19. Venwendung nach Anspruch 18, wobei der polymere Trager Poly-(Caprolacton) umfaBt. 

20. Venvendung nach Anspruch 18. wobei der polymere Trdger Poly-(Mitehsaure) umfaBt. 

21. Ven^vendung nach Anspruch 18. wobei der polymere Trager Poly-(Ethylen-Vinylacetat) umfaBt. 

22. Venwendung nach Anspruch 18. wobei der polymere Trager Poly-(Milch-Co-Glycol-)Saure umfaBt 

23. Venvendung nach einem der Anspruche 16 bis 22, wobei die Arthritis entzundliche Arthritis ist 

24. Venwendung nach einem der AnsprQche 16 bis 23, wobei die Arthritis durch intra-artikuiare Verabreichung des 
Medikaments behandelt wird. 

25. Venvendung einer Zusammensetzung. die einen anti-angiogenen Faktor und einen polymeren Trdger um^Bt zum 
Beschichten einer Endoprothese nach einem jeden der AnsprQche 1 bis 15. 

26. Venivendung von Taxol. Oder einem Analog oder Derivat davon, zur Herstellung eines Medikaments fOr Anti-Angio- 
genese. 
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27. Verwendung nach Anspruch 26. wobei das Medikament zum Behandein von Schuppenf lechte ist. 

28. Verwendung nach Anspruch 26, wobei das Medikament zur Behandlung vaskuiarer AdhSsionen Ist. 

5 29. Eine Endoprolhese nach Irgendeinem der AnsprOche 1 bis 4, wobei der polymere TrSger Gelatine umfaBt 
Revendications 

1 . Extenseur pour Texpansion de la lumi^re d'une voie de passage dans Torganisme, comprenant une structure g6n6- 
10 ralement tubulaire revetue avec une composition comprenant un facteur anti-angiog6nique et un support polym6- 

rique. 

2. Extenseur suivant la revendication 1, dans lequel le facteur anti-angiog6nique est un agent chimioth6rapeutique. 

15 3. Extenseur suivant la revendication 1 . dans lequel le facteur anti-angiog6nique est choisi dans le groupe consistant 
en Testramustine et le methotrexate. 

4. Extenseur suivant la revendication 1. dans leque! le facteur anti-angiog^nique est le taxot ou un de ses analogues 
oud6riv^ 

20 

5. Extenseur suivant I'une quelconque des revendications 1 k 4. dans lequel le support polym^ique comprend fa 
poly(caprolactone). 

6. Extenseur suivant I'une quelconque des revendications 1 ^ 4, dans lequel le support potym^ique comprend le 
25 poly(acide lactique). 

7. Extenseur suivant Tune quelconque des revendications 1 k 4. dans lequel le support polym^ique comprend le 
poly(6thytdne-actote de vinyle). 

30 8. Extenseur suivant I'une quelconque des revendications 1 h 4, dans lequel le support polym6rique comprend un 
copdym^e de potycaprplactone et de polym^e d'adde lactiqua 

9. Extenseur suivant I'une quekXMX^e des revendications 1 & 8» qui est un extenseur vasculalre. 

35 1 0. Extenseur suivant Tune quelconque des revendications 1 k 8. qui est un extenseur biliaire. 

11. Extenseur suivant I'une quelconque des revendications 1 ^ 8. qui est un extenseur urethral. 

12. Extenseur suivant I'une quekx)nque des revendications 111 8. qui est un extenseur oesophagien. 

40 

13. Extenseur suivant I'une quekx)nque des revendications 1 ^ 8, qui est un extenseur trachtol/bronchlque. 

14. Extenseur suivant I'une quelconque des revendteations 1 k 8, pour le traitement d'un r§tr6cissement d'une voie de 
passage dans I'organisme. 

45 

15. Extenseur suivant la revendication 14. pour le traitement ou fa pr^errtion d'une st^nose rteunrenta 

16. Utilisation d'une composition comprenant un facteur antl-angiog6nique pour la production d'un medicament des- 
tine au traitement de I'arthrite. 

50 

17. Utilisation suivant la revendication 16, dans laquelle le facteur antl-angiogenique est le taxol ou un de ses analo- 
gues ou derives. 

18. Utilisation suivant la revendication 16 ou 1 7, dans laquelle le facteur anti-angiog6nique comprend en outre un sup- 
65 port polym6rique. 

19. Utilisation suivant la revendication 18, dans laquelle le support polym6rlque comprend la poly(caprolactone). 

20. Utilisation suivant la revendication 18, dans laquelle le support polymerique comprend le poly(acide lactique). 
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21. Utilisation suivant la revendication 18. dans laquelle le support poiym^rique comprend le poly(6thyt^neac6tate de 
vinyle). 

22. Utilisation suivant la revendication 18. dans laquelle le support polym^rique oomprend un polym^re d'acide (lacti* 
5 que-coglycolique). 

23. Utilisation suivant Tune quelconque des revendications 1 6 ^ 23. dans lequel Tarthrite est une arthrite inf lammatoire. 

24. Utilisation suivant Tune quelconque des revendications 16 d 23, dans laquelle Tarthrite est trait^e par adminlstra- 
10 tlon intra-articulaire du m^icament. 

25. Utilisation d'une composition comprenant un facteur anti-angiog^nique et un support polym^rique pour le rev§te- 
ment d'un extenseiir suivant Tune quelconque des revendications 1^15. 

15 26. Utilisation de taxoi pour la production d'un medicament pour anti-angiog^n^e. 

27. Utilisation suivant la revendication 26, dans laquelle le medicament est destine au traitement du psoriasis 

2a Utilisation suivant la revendication 26, dans laquelle le m^lcament est destine au traitement d*adh6rences vascu- 

20 laires. 

29. Extenseur suivant Tune quelcorx^ue des revendications 1 k 4. dans lequel le support polym§rique comprend de la 
g^latina 
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FIG. 2A 
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FIG. 2C 




FIG. 2D 
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FIG. 3B 




FIG. 3C 
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VEICHT OF SURAMIN IN / ml OF 5% ELVAX (mg) 
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FIG. 9. 
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FIG. 19B 
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